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Preface

This thesis is a result of an analysis of contemporary commercial

equipment that can be used to realize a digital computer laboratory

capability and a result of an attempt to compile experiments that

can demonstrate computer theory on the selected equipment. There are

two basic approaches that can be taken to solve this problem. The

experiments can be written, and then equipment can be selected to

demonstrate the experiments. Conversely, it is possible to select

the equipment and then to write experiments that can be performed on

the equipment. The latter method was chosen with the stipulation

that the equipment had to meet certain broad requirements. These

requirements were established, the equipment was selected that

satisfied these requirements, and finally experiments were written

that could be easily realized on the equipment.

This thesis is written to be read by people that have a funda-

mental knowledge of computer logic, electronic circuits, and Boolean

algebra (including Karnaugh maps). The experiments described in

this thesis can only be performed on equipment not yet prossessed by

the Institute.

I would like to express my appreciation to Captain Mathew Kabrisky

for his Cuidance throughout the period that I was involved in this

project. Also, I would like to acknowledge the assistance of the

Engineered Electronics Company and their local representative, the

'.M. Odell Company, who loaned us one of their Digital Bread Boards.

George W. McKemie.
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Abstract

There is a definite requirement within the Institute of

Technology for digital computer laboratory capability. There

are several comercial companies who market digital equipment that

could be used in the laboratory. The best device to satisfy the

Institute's requirements appears to be Engineered Electronic

Company's Uigital Bread Board. This unit is a solid state trainer

used for bread boarding electronic systems. Experiments are

written fully demonstrating the essentials of basic computer logic.

The thesis ends with the recommendation to obtain the capability

described within.
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REALIZATION OF A

DIGITAL COMPUTER LABORATORY CAPABILITY

I. Introduction

Background

The Electrical Engineering Department of the Institute has

established a requirement for the development of a digital computer

laboratory capability to be used in conjunction with Electrical

Engineering Course EE-309, Digital Computer Circuitry. Theoretical

realization of this capabilily is the purpose of this thesis. Primary

purpose of this thesis is the development of laboratory experiments

that can be used in this course. Secondary consideration will be

given to selection of the hardware to perform this task.

Purpose

This thesis is intended to develop a theoretical capability for

a digital computer laboratory. There are two main areas in which

wcrk must be accomplished. First and most important, laboratory

experiments must be written. The experiments must demonstrate the

theory of the present digital computer circuits course. Second,

a survey must be made of the equipment that is capable of

performing these experiments, and a recommendation made as to what

is the most advantageous method to be used in the proposed laboratory.
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Scope

This thesis will not attempt to develop any of the theory behind

digital computer circuitry or logic. The reader is presumed to have

a broad knowledge in this field. The experiments themselves are

written with the understanding that they will be used in conjunction

with a theory classroom course; therefore, the experiments do not

explain in great detail the theory behind the principles that they

demonstrate.

The survey of existing equipment to perform the laboratory

functions is based upon all the known commercial equipment at the

time of compiling the data. Time precluded a complete investiga-

tion of the possibility of locally designing and manufacturing

the required equipment within the capabilities of the Institute,

but it seems apparent that no great advantage could be achieved

by this method.

Engineered Electronics Company was kind enough to make available

the use of one of their Digital Bread Boards for evaluation.

Extensive work was done on this machine to understand its full

capabilities. There will be no lengthy discussion of this work

except when it is reflected in the development of one of the

experiments,

Plan of Developmnt

The remainder of the body of this thesis is divided into four

more chapters. Chapter II is concerned with a survey of existing

2
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laboratory equipment. Criteria are established which the equipment

must satisfy. A brief discription of the various equipment is

presented. A comparison of the equipment is made prior to establish-

ing the Engineered Electronics Company's Digital Bread Board as the

device best suited to the Institute's requirements. The chapter

concludes with a short description of the Digital Bread Board.

Chapter III discusses the experiments. A list of the experiments

is given, and the assumptions listed that was used in writing the

experiments. The experiments are discussed and pertinent comments

are made.

Chapter IV discusses some of the cost considerations. A final

cost estimate to achieve minimum laboratory is made. It is estimated

that it would require approximately 18878.00 to achieve minimum

capability. For a somewhat lesser cost, some equipment could be

purchased and used fairly efficiently.

Chapter V is used to make recomendations. The laboratory is

feasible at a not unreasonable sum. This thesis recommends immediate

action to achieve this capability. The chapter concludes with some

recommendations on future study in this area.

The laboratory experiments themselves are included in Appendix

A. The present Electrical Engineering Department laboratcry format

is preserved at the risk of deviating slightly from thesis format.

The figures in the experiment are considered as part of the

experiment itself and are not considered germane to the thesis. For

3
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this reason they are not listed in a list of figures. These

experiments represent the main expenditvre of work.

Appendix B gives a breakdown on the total cost of the DiStal

Bread Board.

Included as Appendix C to the thesis is the EECo Catalog.

This catalog gives a complete breakdown on the electronic design

of all modules used in the Bread Board.
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II. Surv of kxisting Digital Laboratory Equipment

Comparison and selection of the equipment that is to be used

in realization of the laboratory must be based on several factars.

The first criteria is the capability of the equipment to perform the

experiments necessary to demonstrate the important theory in the

course. In addition the equipment should have the capability of

demonstrating the logic in such a manner that the logic theory is not

hidden by the electronic features of the equipment. The final factor

is the cost consideration.

Equipment

This section will be devoted to description of the various types

of digital equipment that were considered.

Univac Digital Trainer. This trainer is a general purpose

computer deuigned for use in a maintenance or programming type

course. It is a complete computer having a wide variety of

arithmetic commands and a 512 word core memory. It includes some

input/output equipment. (Ref 13:2) Estimated cost of this machine

is well in excess of $10,000.

Jackson Instruments Pro-Log Model LS-MK-l. The Pro-Log is a

large trainer that demonstrates the logic functions by use of

mechanical relays. These relays can be used in various types of

gating circuits to synthesize logic functions. The large unit has

receptacles for 114h plug in units. In addition there are smaller

5
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portable units that can be used in the classroom. A small version

of this trainer was loaned to the Institute of Technology for

evaluation. Cost of this device is 47000.

DEC Classroom Modules. Digital Electronic Equipment markets a

series of laboratory modules capable of 500 kilocycles operation

(Ref 4:2). This modules, referred to as DEC 3000 Series, contain

complete logic ±unctions within themselves. These modules can be

combined together in such a manner that they can perform computer

functions. External power connections must be supplied to the

system. Modules of similar nature are marketed by such companies as

Control Logic Corporation and Engineered Electronics Company. The

operatLng frequency differs, but the same principles apply.

Classroom Trainers. Two companies, Control Logic Inc. and

Engineered Electronics Company, produce classroom trainers. The

Control Logic devices is designated as the FE 1 Programable

Digital Training Systems (Ref 8:1-6); the Engineered Electronics

trainer is called a Digital Bread Board (Ref 5:66). In operation

both of these systems are simiJar. Both contain integral power

supplies and have the capability to have input/output equipment attached

to them. Both systems operate at a relatively low clockrate, which

is not a handicap for this type of application. The main difference

of these two systems is the manner in which they are logically

constructed. The Digital Bread Board consists of separate logic

6
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units& In general, each device (flip flop, delay, gate, etc.) is

contained in a separate unit, capable of being purchased as that

unit. 2his type of construction is not duplicated in the PE 1

systems. In tile 1,, the units are arranged in panels. In one

panel, tie PFl-Pulse Forming Circuits Panel, there are some 16

individual logic devices. In order to buy one of the logic

circuits, it is necessary to buy the entire panel (Ref 10:1-6).

The Stcrage Register Flip Flop Panel of the PE1 systems consists of

eight storage flip flops, one power amplifier, one pulse shaper, and

one register reset toggle switch (Ref 10:6). The panel costs 280

(Ref I). Assuming equal cost of each of the ten electronic devices

on the panel, the cost of each flip flop is '28. A flip flop, T-lOlB,

for the Digital Bread Board bought in quantities of 25 or more cos

Y27.10 (Ref 12:1). "raile this is just one example of cost comparison,

it is possible to note that there is not a great deal of difference

in the costs of the two systems.

Selection of a Digital Trainer

It is possible to eliminate the Univac Digital Trainer at once.

This system does not fulfill the first requirement of having the

capability to perform the experiments. It is designed to be used by

programmers and maintenance personnel; hence, it is not reasonable

to expect it to fulfill the requirements for a logic circuits course.

The Jackson Instruments Pro-Log fails to completely meet the

requirement to perform its function in such a manner that the logic

7
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is not obscured by the electrical complexity of the system. Its

flexibility is somewhat limited and it would be difficult to expand

the system to any extent using relay logic. Adaptation of the

equipment into a course that emphasized electronic circuitry as well

as logic would be impossible. The high cost, 47000, makes these

shortcomings extremely unattractive.

The modular approach fulfills the first two conditions stated

at the beginning of the chapter. Thes are capable of performing any

desired experiment in such a manner that the logic of the system is

not hidden. The cost of the 500 kilocycle DEC 3201 flip flop is

Z63 (Ref 4 ). This cost, more than twice as much as the cost of the

flip flops in the classroom trainers, eliminates this modular

construction. The other companies that make the modules (Control

Logic and Engineered Electronic) also make the classroom trainers.

It is found that their approach to solution of the classroom

problem is through the use of these trainers. Their modules are

not competitive with their trainers for classrom application.

By a process of elimination, the choice is narrowed to one

of two types of classroom trainers. This fact is not surprising as

a system designed for one particular use will generally compete

more favorably for that one use, than will a system that is primarily

designed for something else. The two systems have comparable unit

cost and capability. There is one major difference. As previously

8
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noted, the Digital Bread Board can be bought in individual logic

units while the Pe-i systems must be bought in panels. This would

tend to make purchase of the Bread Board more flexible. It is this

flexibility that makes the Bread Board a more attractive choice as

the equipment to be used in the digital computer laboratory. All of

the expeximents have been aesi ned with the idea that they will be

performed on the Engineered Electronics Company's Digital Bread Board.

The Diiital Bread Board

The Digital Bread Board, manufactured by Engineered Electronics

Company of Santa Ana, California, can be either rack mounted or

suitcase mounted. Fig. 1 and 2 show the suitcase mounted configuration.

The board shown can accommodate bread board systems of up to 24

modules. Another version of the same trainer can increase this

capacity to 32 modules.

The modules are incapsulated into cans containing the entire

logic device circuitry. Each module is inserted into the receptacles

in such a way as to preclude inadvertent application of the wrong

voltage to the wrong pin. Care must be taken to insure that the modules

are inserted straight in order that the pins are not bent.

The individual modules are connected together by external

connections. The signal path is from one module to the next via the

external connections. Each module can be monitored by connecting its

output to an indicator light located on the bread board. All

connections are made external to the Bread Board. There is never

9
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RICo Digital Broad Board
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any requirement for the student Table I
Specifications

to open one of the modules. of
Digital Bread Board

Table I gives the electrical
Input Power

and physical specifications of Voltage . . . . a .115 k 10%
Frequency . . .... 50-400 cps

the trainer. Another con- Power ...... . .30 watts

venience is that the suitcase Capacity * . • • • .24 modules

is mounted on casters to aid Voltages
Available . . . . . . 12VDC

in moving it from one place to 6VDC
-3VDC

another. The available -llVDC

voltages can be paralleled to Size......... 241 x20"
x9"

another rack that does not
Weight . . .. .. . 40 lbs.

contain its own internal (Total)

power supply. (Ref 5:69)

Engineered Electronics

Company provides a warrantry to their equipment to the extent that

a module failing in normal service due to defective parts, work-

manship, or packaging will be replaced without charge providing

parts are still available. Modules defective for sone other reason

can be repaired at cost (Ref 12:9).

The equipment appears to be well engineered. The modules have

good solder joints; the entire workmanship is neat and professional.

Many of the modules have internal emitter followers, providing the

equipmmt with good output characteristics. It is possible to drive

as many as six output from one "And" gate ithout noticing any

31
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degradation of the signal level. This capability is not included

in the flip flops. At the lower frequencies of the trainer,

synchronization does seem to be a problem. The rise time of the

modules is approximately 0.5 microseconds. Little or no del r

was observed through six cascaded modules. Level restoration

does not appear to be a problem for normal laboratory experiments.

Six cascaded "And" gates degraded the signal level 0.1 volt.

There are some deficiencies in the system. Pulse "And" gates

require a two microsecond gate enable time and a four microsecond

gate disable time. D.C. "And" gates will pass a positive pulse

even though they have a "0" on the other inputs. These circuit

characteristics mq cause trouble in some instances. These

deficiencies were the only serious ones noted in familiarization

with the equipment.

This equipment has extensive possibilities for expansion

and development. The equipment would be useful in illustrating

concepts involved in all types of pulse circuitry. It could be

used for a logical extension of the present digital computer

circuits course. There is no theoretical limit as to how marq

of these Bread Boards can be connected together. Thus it is

conceivable that an entire computer could be made from this

equipment including input/output equipment and a memory.

Included as Appendix C is a catalog of all the available

units that can be used with this Bread Board. The catalog include

all technical specifications of the equipment.

12



GE/EE162 -lh

III. Preparation of Experiments

General

The Jargest part of this thesis, from a standpoint of work

expended, was in the preparation of some ten experiments. These

experiments are included in the appendix as Appendix A. The titles

of these experiments are listed in Table II.

Table II

List of Experiments

Experiment Title
Number

E&-309-1 Coding (Problem Drill)
EL-309-2 Equipment Familiarization
EE-309-3 Boolean Algebra
EL-309-4 Logical Construction (Full and Half Adders)
EE-309-5 NOR-NAND Logic
EE-309-6 Shift Registers
EE-309-7 Counters
EE-309-8 Pulse Train Generators and Complementers
EL-309-9 Arithmetic Logic
EE-309-10 Logic Design

The experiments were written using the following assumptions:

(1.) The experiments will be used to supplement an

Electrical Engineering course with the same basic format of EE-309,

Digital Computer Circuitry. It is important to note that these

experiments must be used in conjurction with a theory course. They

are not meant to fully explain the theory of the circuits involved.

The theory discussed in each experiment is designed for review

purposes only.

13
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(2.) The text, Computer Logc by Ivan Flores, or a text

similar to it, will be used in the course. A text was chosen for

convenience. Nothing precludes the use of any other text, but

some ambiguity of terminology mWy arise. Flores was chosen on

the basis that this was the text that was used the last two times

that EE-309 was included in the curriculum. The chronological

sequence of experiments and the terminology used is based on

Flores' s conventions.

(3.) The experiments will be conducted on the Digital

Bread Board described previously in this thesis.

(4.) The general approach of the student will be to

prepare the logic diagrans prior to coming to the laboratory.

Should he wait until he comes to the laboratory to construct the

diagrams, he probably will not finish the experiments in the time

allotted.

In so far as was possible, these experiments have been performed

to determine their feasibility on the Bread Board. Comments on the

individual experiments ill be made in this chapter in the next

section. The available equipment included only one inverter and

one delay. As several of these devices are essential in the

design.of many logic circuits, it was impossible to perform all

the experiments. Other experimets required more equipment than

was available, so could not be. performed.

An instruatr teaching this laboratory course should work all

experiments prior to giving them to the students. There are some

314
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minor points that are not readily apparent to the new strdent.

There is no substitute for familiarization with the equipment.

One important subject that may have been under emphasized

in the experiments is the subject of coders and decoders. Circuit

realization of these devices require extensive use of "And" gates.

Enough "And" gates to perform these fun tions may not be available

under all circumstances to perform experiments using these devices.

The logic of these devices is not difficult to understand; therefore,

their exclusion does not unduly detract from the experiments.

The logic Wmbols that will be used in this thesis are given in

Fig. 3 and are consistent with Flores's convention.

Experiments

Codin. One of the first subjects discussed in Flores is the

subject of coding. This is not in any way designed to take the place

of a formal course in digital computer prograu.ng. It is intended

to give the student of logic design a basic understanding of some

of the problems that the computer must solve. The only way that

one can lea n these basic premises is by practice. This Problem

Drill is intended to give the instructor the opportunity to discuss

the problems presented in the drill as well as other points germane

to coding problems.

Equipment Familiarization. In general, students will have no

previous experience in usLng digital equipment. It would be next

to impossible for him to perform experiments and at the same time

15
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become familiar with the equipment. The experiment discusses in

some detail each type of logic circuit that will be used in the

remaining experiments.

Boolean Algegra. This experiment is designed to demonstrate

how the solution of Boolean equations can be solved using electronic

equipment. There is also practice given in solution of Boolean

equations using algebra laws, Karnaugh Maps, and truth tables. As

this experiment requires the extensive use of "Not" elements, this

experiment has not been realized on the Bread Board. It is simple

D.C. logic and should offer no difficulties.

Logical Construction ( and Half Adders). Construction of

a device that will fulfill the requirements of the addition truth

table is a logical initial approach to realization of logic functions.

The experiment has been performed ithout difficulty.

NOR-NANO Logic. This experiment explores some of the character-

istics of some different truth propositions. An algorithm for the

conversion of And-Or logic to Nor-Nand logic is developed and

discussed (Ref 1:1-2). For the purpose of this experiment a "Nor"

gate is realized by placing an inverter on the output of the "Or"

gate, and a "Nand" gate is realized by placing the inverter on

the output of an "And" gate. This experiment requires the extensive

use of inverters and was not performed. This experiment is

straight-forward and should not be difficult. No proof is offered

for the algorithm presented in the experiment. It appears to

mork vithout exception.

17
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Shift Registers. This experiment explains the use of a shift

register element that is complete within itself, as well as the

development of the shift register element from simple logic

building blocks. The first part of the experiment concerns the

use of the complete shift register unit. Detailed instructions

are given. The second part of the experiment is concerned with

the development of the shift register from logic units. The

complete experiment has not been performed because insufficient

delays were available. If extreme care is used in constructing the

shift register, the logic will work.

Counters. This experiment discusses the various ways that logic

circuits can be made to indicate the number of input pulses. This

experiment has been performed in its entirety and is realizable on

the Bread Board. The problem of the race condition becomes apparent

in the design of the foreshortened counter. Pulse "And" gates

must be used in some instances.

Pulse Train Generatos and Complementers. This experiment

developes the characteristics of pulse train generators and com-

plementers. There is no particular reason for these two subjects

to be put together except that neither subject is long enough to

warrant an individual experiment, and both are important enough

to include in the experiments. The pulse train generator part

has been acccmplished. Again the lack of inverters prevented

realization of the complementing part of the experinent. This

18
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experiment is long and will definitely require outside preparatL on

of the student in erder far him to complete the experiment in the

required time.

Arithmetic Logic. This experiment is the first chance for the

student to realize a complete functional unit. He must design and

build a device that will take two natural binary coded numbers,

add them, and store the sum in a predetermined place. The logic

is reasonably direct; however, due to equipment shortage it was

not possible to implement this design on the Bread Board. It is

recommended that the instructar determine whether the included

solution is indeed feasible. The race condition in this problem

will be quite severe.

Logic Design. This experiment gives the student opportunity

to further develop his capability to solve complete logic problems.

The experiment is designed to demonstrate the student's ability

to apply his acquired knowledge in log. c to a circuit other than

a digital computer circuit. The logic of these problems is direct;

their realizatLon may not be. Again this experiment was not performed

due to equipment shortage.

19
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IV. CostAaayi

The cost of any rstem depends on the capability of the

system. This fact will hold true for the cost to realize the

digital laboratory capability. It is assumed that it is

desirable to have the student do as much individual work as

possible. This equipment is not inexpensive, so a conpromise

must be reached.

The cost of the equipment required to perform the experiments

is derived in Appendix B. It is assumed that a desired maxioun of

two people would work on any one Bread Board at one time. The

problem then resolves itself intD one of how much money is available

to be spent.

For 44526.95, it is possible to obtain the capability to have

two separate groups of two working on Experiments 2 tbrough 8 and

one large group working on Experiment 9 or 10.

For $8878.00, it is possible to double the laboratory

capability. It should be observed that the cost per unit is not

constant but decreases as more units of one type are pw'chased.

This would tend to discourage gradual purchase of the units.

(Ref 12: 1-10).

20
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V. Recounendations

Analysis of the problem of realization of a digital computer

labcratory capability has been completed. It is certainly financially

and electronically feasible to realize this capability. The main

obstacle is the source of funds to finance this ventures This problem

is not considered within the scope of this thesis.

It is strongly recommended that immediate steps be taken to

obtain the necessary equipment to establish the laboratory. Minimum

equipment required would be enough to obtain the capability for four

groups to work concurrently. It was developed in Chapter IV that

this capability would cost j8878.00.

There are two logical extensions of this thesis.

(1.) Time did not permit analysis of the cost in money and

labor to locally design and manufacture a digital trainer. Should

the funds to finance purchase of the bread board be withheld, it

might be worthwhile to investigate the possibility of building the

trainer within the resources of the Institute.

(2.) There is no reason that a complete digital computer can

not be built using these Bread Boards. It is conceivably worthwhile

to undertake the project of designing a small computer complete with

memory using these Bread Boards. The design would include a cost

estimate. The ma Ugitude of this task is not immediately apparent.

21



GE/EE/62-14

Bibliography

1. "A Convenient Method of Implementing Logic with NCR Circuits."
Digitimes, 1:1-2 (No date).

2. Digital Building Blocks for Electronics Equipment and Systems.
Adverti sing catalog. Santa Ana, Califlrnia: Erg ineered
Electronics Compary, 1961.

3. Digital Modules. Advertising brochure. Maynard, Massachusetts:
Diital Equipment Corporation (No date).

4. Digital Test Equipment 3000 Series. Advertising brochure.
Maynard,-Massachusetts:' gita quipment Corporation (No date).

5. EECo Digital Circuits Modules Ca 2g. Equipment catalog. Santa
Aia, California: EgineereE TEI nics Company (No date).

6. Flores, Ivan. Computer Logic. Englewood, New Jersey: Prentice
Hall, 1962.

7. Hohn, Franz E. Aplied Boolean AlgebraL An Elementary Introduction.
New York: The Macmillan Company,, 1960.

8. Programmable Digital Training Systems Series PE 1. Advertising
brochure. Natick, Maesachus etts:Con LoT c7Incorporated
(No date).

9. Pro-Log. Advertising brochure. Dayton: Jackson Electrical
--truments (No date).

10. Series PE 1 Programmable E uipent. Advertising brochure. Natick,
Massachusetts: Control- Lgic Incorporated (No date).

32. Siegal, Paul. Understanding D Computers. New York: John
viiley and Sons Incorporated, 1961.

12. T-Series Price List. Advertising catalog. Santa Ana, California:
ZngerJlrct-nics Company., 1962.

13. Univac Digital Trainer. Advertising brochure. St. Paul:
Univac Division ofperry Rand Corporation (No date).

14. Welded Digital Circuits. Shortform catalog. Natick, Massachusetts:
Cnr Loic norporated (No date).

22



E/EE/62 -J
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AIR FORCE INSTITUTE OF TECHNOLOGY

Department of Electrical Engineering

Laboratory Experiment No. EE-309-1

A. TITLE: Coding (Problem Drill)

B. PtRPOSE: To demonstrate some simple coding problems and to

enhance the student's familiarity with coding by

use of a simple problem drill.

C. DISCUSSION:

I. Preliminary: This drill is not intended to fulfill the

requirements of a digital computer programing

course; but, rather, is intended to acquaint

the student of computer logic with the basic

functions of the computer. In order to define

the instructions to be used, this drill has

been prepared for use with Ivan Flore's book

Computer Logic Prentice-Hall Inc., Englewood,

New Jersey II (1962). However, nothing is

to prevent the instructcr or student from

defining his own processes and using the

problems for illustrative examples. It is

not intended to introduce the concept of cycle

and index registers as this would tend to

obscure the main thought of the iteritive

process.
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I. Codin: The following coding will be used. If the

instructor or student prefers, he may substitute

other codes as long as the purpose of the

problems is not obscured.

a. ADD: (A) + (M)-* A Add the contents of the

designated memory location

(a three digit number) to

the number in the A register

and store the sum in the A

register.

b. SUB: (A) - (M)-+ A Subtract cortents of M from

A and store in A

c. MUL: (M) X (L) +(A) Multiply contents of L register

- A '- L by H, add product to A register,

and store in the A augmented L

register.

d. DIV: (A)/(M)-* Q, Divide contents of A by contents

Remainder -. A of M and store the quotient in

Q with the reminder in A.

e. XAM: ( ) ( ) Transfer contents of second

XMA term to the third term. (Notice

XLM that in this case, Flores has

XML been expanded and there are

XQVI additional transfers allowed).
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XAL

XLA

XQA

XAQ

f. CHF: (A):( ) Compare contents of A register

with contents of a designated

memory location.

g. JOP: (A)>(M')-#M If A greater than some previous

(A))(M')-*I+l compared value (M'), jump to

some new instruction located in

location M. If A not greater

than M', then proceed to the

next instruction.

h. JOM: (A)((M')-*M If A less than some previous

(A) (M)-9I+l compared value (M'), jump to

some new instruction located

in location M. If A not less

than K', proceed to the next

instruction.

i. JOE: (A) - (N')-M If A is equal to some previous

(A) (M' )I+l compared value (M'), jump to

some new instruction located

in location M. If A is not

equal to M', proceed to next

instruction.
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J. UCJ: -+ M Proceed to location M.

k. STP: Stop.
(Ref 6:76)

III. The Machine: It is assumed that the machine that will be

illustrated by this drill will be the

fictional Polyvac described by Flores. For

the purpose of this drill the following

specifications are enumerated (Ref 6:152):

a. Word length ------- ine decimal characters plus sign

b. Instruction ------- First three characters of word

c. Operand ----------- Second three characters of word

d. Memory ---------- One thousand word memory with

locations 000 through 999

e. Instruction ------ Single address

Other specifications can be found in Comuter

Logic by Ivan Flores, Prentice-Hall, Inc.,

Inglewood, New Jersey, I, (1962).

D. DRILL: The following data will be used in the problems:

I. The index i will vary from 0 to 99 unless otherwise indicated

in the problem.

II. The computer will always go to memory location 000 at the

beginning of operation.

III. The computer will not stop unless it is told to do so.

IV. a. Data Ai is stored in locations 1001. up to location 199.
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b. Data Bi is stored in locations 200+i up to location 299.

c. Data Ci is stored in locations 300+i up to location 399.

d. Data Di is stored in locations 4OO+i up to location 599.

e. Data Ei is stored in locations 500+1 up to location 599.

E. 'RUBiL-S: Solve each of the following problems by making flow

diagrams and then coding the necessary steps.

I. Ci -Ei --------- 6oo+i

II. Ai + Bi ------- --- 700+i (i varies between 0 and 49)

Ai - Bi ---------- bOO-i (i varies between 50 axi 99)

III. AiBi - Ei ------- 600+1
Ci

IV. Devise a routine that will solve the areas of circles

whose radii are stored in location Bi and store the result

in 700 + i. Of is is necessary to is e any additional

information, indicate the location of the informtion in

the memory.)

V. The sides of a rectangle Ri are stored in locations Bi and

Ci. Determine the rectangle whose area is the largest.

Place the number of the rectangle in 700 and its area in

701.

VI. Compare the data in Ci and Di. If Ci is greater than Di,

store the difference in 700 + i and Ci in 600 + i. If Di

is greater than Ci. store the difference in 900 + i and Di

in 800 + i. If at any tin Ci equals Di, store i in 100,

store Di in 101, ad stop.
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F. RZ FJ2NICE:

I. Flores, Ivan. Computer Logic. Englewood, New Jersey:

Prentice-Hall Inc.,, 1960.
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AIR FORCE INSTITUTE OF TECHNOLOGY

Department of Electrical Engineering

Laboratcry Experiment No. EE-309-2

A. TITLE: Equipment Familiarization

B. PU± OSZ: To acquaint the student with the capabilities and

limitations of the EECo Digital Bread Board.

C. DISCUSSION: No report will be required from this experiment.

The theory of each circuit will be discussed to

the extent required in the procedure part of the

experiment.

D. EQUIP1'fT:

I. Digital Bread Board

II. Oscilloscope (Dual beam)

III. VTVM

IV. 1 4 Input "And" Gate

V. 1 4 Input "Or" Gate

VI. 1 Flip Flop

VII. 1 Univibrator

VIII. 1 Astable iUtivibrator

IX. 1 Pulse "And" Gate

X. 1 Pulse "Or" Gate

X1. 1 Inverter

XII. 1 Emitter Follow

XIII. 1 "Exclusive Or" Gate
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E, FR0CaIURE:

I. General

a. The equipment has two states, "1" and "0". The "1"

state is represented by -3 volts, and the "0" state

is represented by -11 volts. This convention will

hold true throughout these experiments. There are

other voltages available in the system, but these

are for use in the circuit function and are not of

interest in this course. The state voltages are

available on the board as will be shown presently.

b. Notice that each banana Jack has its own distinct

color. heasure the voltage in the light blue Jack.

with the VTM. Are the light blue jacks "1" or "0"?

Repeat for the dark green jacks.

c. Notice the eight 9-pin and eight 13-pin sockets

arranged in three (four) horizontal rows. One of each

type is located over alternating white and blue banana

Jack. These sockets are the receptacles for the

nine and thirteen pin logic units respectively. It is

important to note that only one of the two receptacles

can be used at one time.

d. Below each of the sockets, there are rows of lights

and binding posts. These lights will indicate the

state of an input that is put into it. Indicate

which state lights the light. The binding

posts may be used for the attachment of external
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parts such as capacitors or resistcrs.

e. At the top of the board is the signal generator panel.

At the extreme right is the D.C. reset button with

one oitput marked Flip Flops and the other marked

Decades. The Flip Flop output will be used in this

experiment to reset flip flops. Pushing this button

will ground the output. Next to the D.C. reset is

a series of lights. These lights and their banana

jacks are used for inserting "l's" and "0's" in the

logic circuit. Determine when the light is lit.

Next to the lights are sockets for two logic elements.

These are sockets for pulse generators. The buttons

to the immediate left of the sockets will produce a

single positive going pulse from their respective

output jacks. On the left part of the board is an

astable multivibrator used for generating pulse trains.

Next to the socket is a five position rotary for

determining frequency of the multivibrator. Confirm

that the two outputs of the multivibrator are 180 degrees

out of phase. (A dual beam oscilloscope is required.

This part ma be omitted at the discretion of the

instructor.)

f. Insert into a socket a 4 input "And" gate. Be sure

that care is taken in putting the logic device into

the socket to preclude bending the pins. Connect
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appropriate logic card on the board. Note that

shorts are required. These particular 4 inputs gates

can be converted into two 2

input "And" gates by making the

appropriate connections on the

logic card. Connect the gate in Figure 1
DC And Gate

the 4 input mode. Take data to

fill out the logic truth table below.

AND Truth Table

A B C D &

0 0 0 0
0 0 0 1

0 0 10
0 0 1 1
0100
0101
0110
0111
010 0 0

1 001
1010
1011
1100

0 1 101

1 110
1 111

Figure 2

Verify to your own satisfaction that the circuit works

according to the AND logic when connected as a dual 2

"And" gate.
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g. Connect the logic device and card for a 4 input "Or"

gate. Connect the circuit for a dual 2 inpta "Or"

gate. Connect output of one of the gates to a lidit.

Connect the inputs to

appropriate voltage

levels to fill out Figure 3
DO Or Gate

the truth table 
below.

OR Truth Table

A B v

0 0 0
0 1 1
1 0 1

Figure 4

h. Connect a flip flop. Connect one of the outputs to

one indicator light aad the other output to another

light, Note that only one of the lights is lit at

one time, but that one light is lit at all times.

Use the manul trigger and the DC reset button to

determine the function and required input of the

following indicated input positions:

1. Trigger -------

2. DC Reset ------

3. AC Reset ------

4. AC Set ----

i. Connect the univibrator. What state is the "uni"l

without an input. .,.The
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following equations determine the required capacitance

to produce a certain delay.

(T-166) Cx - 60(T-2) (1)

(T-167) Cx - lO0(T-2) (2)

T in Usec.

Cx in uuf

Connect a .1 uf capacitor between pins 2 and 3.

Connect the manual pulse generator to the AC trigger

input. Determine the delay of the univibrator with

use of a dual trace oscilloscope. . How

does this compare with the theoretical delay?_ _

J. Connect a pulse "And" gate to the circuit. Connect

the output of the Pulse "And" gate to the trigger

input of a flip flop. Connect the output of one side

of the flip flop to an indicatcr light to determine

when the pulse "And" gate produces an output. Take

the necessary data to determine the output logic of

this gate.

k. Repeat the prodedure for part J. above using a pulse

"IO' gate instead of the pulse "And" gate.

1. Connect an inverter to the bread board and take the

data to verify the truth table below.
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NOT Truth Table

k I
0 1
1 0

Figure 5

m. Connect an emitter follower to the bread board.

Verify that the output of the emitter follow is in

phase with the input. The emitter follow is not a

logic device in the true sense of the word. It does

serve an extremely useful purpose when connected to

the output of logic devices. The emitter follower

perserves the voltage levels, and it gives the logic

device increased capability to drive logic circuits

without excessive loading. The "And" and "Or" gates

are provided with internal emitter followers md

seldom will need the "assistance" of an emitter

follower. In cases where loading becomes severe on

flip flops, it may become necessary to use emitter

followers to prevent degradation of the signal levels.

n. Next connect an "Exclusive Or" gate to the board.

Complete the truth table below.

Exclusive Or
Truth Table

A B A@B

0 0
0 1
1 0
1 1

Figure 6
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F. CO 1uXNTS:

I. The logic circuits that are described above are not the

only ones that are available in this series. A few will

be introduced in the various laboratory experiments;

others will not be discussed at all. Complete description

of all circuits is available in the reference.

II. Each student should insure that he keeps this circuit

description available throughout the course as the

subject matter covered here will not be repeated in

the succeeding experiments.

III. This digital bread board is almost impervious to breakage;

however, some basic precautions should be perserved.

a. Use care in inserting logic devices into sockets. Do

not force them.

b. Use VTVM for all voltage measurement.

c. Should the protective shield come off of the device,

shut down the equipment aid call your instructor.

G. REF aENCES:

I. Flores, Ivan. Computer Logic. Englewood, New Jersey:
Prentice-Hall Inc., 1960.

II. E3Co Digital Circuit Modules Catalog T72. Advertising
caaog. Sant in, California: Engineered Electronics
Company, n.d.
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AIR FORCE ISTITUTE OF TECHNOLOGY

Department of Electrical Engineering

Laboratory Experiment NO. EE-309-3

A. TITLE: Boolean Algebra

B. PURPSE: To study the various properties of Boolean functions

and to show the utility of Karnaugh Maps.

C. DISCUSSION:

I. Theory:

a. The theory of Boolean functions will not be approached

as an end in itself, but rather as one of several tools

that are useful in study and design of digital computers.

b. This experiment will approach three main aspects of

the problem:reduction of Boolean functions, truth tables,

and Karnaugh Maps. Each problem will attempt to

demonstrate the importance of these approaches for

ultimate problem solution.

II. Boolean Algebra Laws:

a. Comutativity

A+B=B+A
and(A)(B) w=(B),(A)

b. Associativity

(A+B) o C a A + (B+C)
and

(AB)C a A(BC)
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c. Distributivity

A(B + C) - AB + AC
and

A + BC - (A + B) (A + C)

d. Null Elements

A +A- A
and
AA- A

e. All Elements

A+ I-I
and

AI -A

f. Not Elements

A + -I
and

_and

I- A

g. De Morgan's Law

and

AB

III. Truth Tables: One method of defining the logic of a

particular fumntion is by truth tables.

Three of the truth tables find particular

use in adapting to analysis of digital

circuits and follow the rules of Boolean

Algebra.
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a. Truth table for "And" (&) or (.)

A B A&B

0 0 0
0 1 0

1 0 0
1 1 1

b. Truth table for "Or" (V) or (+)

A B A+B

0 0 0
0 1 1
1 0 1
1 1 1

c. Truth table for "Not" -)

A l

O i
1 0

IV. Karnaugh Maps: Another useful tool for analysis and

sim pnifcation of Boolean functions is

Karnaugh Maps. Their utilitV will be

demonstrated during this experiment.

For a detailed description on theory,

consult the references at the end of the

experiment.

D. MQUIPMM:

I. Digital Bread Board
II. Oscilloscope
13i. VTVM
IV. 4 "Not" Gates
V. 3 3 Input "And" Gates
VI. 3 2 Input "Or" Gates
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E. PROCDURES:

I. Using equipment available, take necessary data using

TITVh to prove truth tales given in part C, III.

ii. Prove using Boolean Algebra that the following

expression is true:

(x + 7) (x +) x

III. Repeat (II) above first using truth tables and then

using Karnaugh Maps. Draw "D" box diagram and take

necessary data to prove validity of the expression.

IV. Simplify the following expression using De Morgan's Lws:

(I + Y)x + 7 "

V. Verify (IV) by using Karnaugh Map simplification. Draw

"D" box diagram and take necessary data to verify the

problem

VI. Simplify first by Boolean Algebra and second by Karnaugh

Maps. Show that the two solutions are equal.

xyz+lzZ+y[T+XY7

xi z.!Yz .Y +x41
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VII. Use the truth table to prove that the following statement

is true:

S+ X - I

x Y X Y r T+ x
00
01
1 0

VI11. Prove by use of the equipment provided that the output

is always "i" regardless of the input.

LX. Show first by Boolean Algebra and second by Karnaugh Maps

that the following expression is true:

(I + Y) (T + z) -Y z + X

X. Draw "D" box diagram and necessary data to verify IX.

F. REPORT:

I. Perform the operations required in part E.

ii. Simplify the following Boolean equations using Boolean

Algebra:

a. I CD +I BD + BZD + XCD + B(1-)D + IC]E+ B(J

b. W YZ +'XYZ+Ti7Y Z+WXYZ+T77Y'+W YZ +

Y
4 2
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c. 7(7Y+IY)+XY

d. (7 + Y)(Y ) + x Y(x + Y)
e. A B CC(I C + M") + XM'(A B + 1C)

III. Repeat II using Karnaugh Maps.

IV. Prove the generalized version of De Morgan's Laws for

n variables.

V. The truth tables that we have discussed so far have been

concerned with three truth tables- "And", "Or", and "Not".

Suppose that it is necessary to use a truth table as

indicated below:

X Y

0 0 0
0 1 1
1 0 0
1 1 0

Write the defining equations and draw a I'D" box diagram.

VI. Repeat V above for the "Exclusive Or" function given below:

X Y X 0 Y

0 0 0
0 1 1
1 0 1

G. R~eF .U.NCES

I. Flores, Ivan. Computer Logic Englewood, New Jersey; Prentice-
Hall Inc., 1960.

II. Hohn, Franz E. Aplied Boolean Algebra, An Elementary
Introduc tion. Now ork: Them cIlEn ro., 1960
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AIR FORCE INS TUTE (P TECHNOLOGY

Department of Electrical Engineering

Laboratory Experiment No. EE-309-

A. TITLE: Logical Construction (Full and Half Adders)

B. PURPOSE: To study the logical construction and characteri stacs

of full and half adders and to build, by use of logical

elements, circuits that will perform the required

lunctions of these devices.

C. DISCUSSION:

I. Theory:

a. One of the vital lUnctions that takes place in any

computer is the arithmetic function. A necessary

operation that must be carried out in this function

is the performance of binary addition and/or subtraction.

haking use of the similar properties of Boolean algebra

manipulation and digital arithmetic, we can formulate

circuits that will perform the required functions.

b. The half adder will be the first approach to fulfilling

the arithmetic requirements. Further development will

follow showing a natural progression to more complicated

devices.

c. The use of Boolean algebra becomes an important tool

in optimizing circuit design. The use of truth tables
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is essential in determining formulation of Boolean

equations to represent the logic function.

II. Definition:

a. Half Adder. A half adder is a device that will perform

binary addition by taking an "X' input (the)

Augend) and a "Y" input (the Addend) and

produces two outputs the Sum and Carry.

Symbolic characterization of the half

adder is shown below.

x S
H

Y C

Figure 1

b. Pull Adder. A full adder is a device that will perform

binary addition by accepting three inputs-

an OX" input (the Augend),a "Y" input (the

Addend), and a Carry digit C', (from a

preceding addition) and producing two outputs-

the Sum and the Carry. Symbolic characteri-

zation of the full adder is shown below.

x S
F

Y

C' C
Figure 2
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D. EQUIPMH1 T:

I. Digital Bread Board
II. Oscilloscope
III. HP VTVi
iV. 4 "Not" Gates
V. 6 2 input "And" Gates
VI. 3 2 input "Or" Gates
VII. 2 Half AcIders (Optional)

E. FROCEDURZ:

I.

a. Using standard notation with "X" (the Augend) and "Y"

(the Addend), complete the truth tab1s for binary

addition shown below:

x Y C S

b. Write the Boolean equations for Sum and Carry in their

most simple form. Use Karnaugh Maps.

S=

C=

S=

C=

c. Draw "D" box diagram fcr half adder indicating inputs

and outputs.

d. Take measurements using VTVM of outputs to verify truth

table for all possible inputs.
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IIo

a. As in Part I, A., above construct a truth table for

a full adder using for inputs "X", "Y", and "C' " and

"C" and "S" as the outputs.

I Y C' S C

b. The approach to obtain a full adder might be to connect

in series two half adders. Successive application of

the equations derived in Part I can then be used to

obtain the necessary outyuts that will satisfy the

truth table for the full adder. Show first, by

successive series connection of two half adders and

then second, by "D" box diagram, how a full adder may

be constructed using this approach to solve the problem.

c. Construct full adder obtained above and take necessary

readings with a VTVM to verify truth table. (Note!

Direct use of half aader modules mV be used if

sufficient simple logic elements are not available.)

d. Write Boolean equations for full adder. Simplify

using Karnaugh Maps.

S4

C"4
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_ $

Y

Y

S-

Cu

e. Draw a "D" box diagram of full adder using equations

above. Construct full adder using logic devices and

obtain necessary VTVM readings to verify truth table.

F. R&MT:

I. Perform the operations required in Part E.

II. Compare the "D" box diagrams of Part E, II, b, with the

diagram in Part E, II, e. How many logic elements are

saved by the second method? Construct "D" box diagram

for full adder from original defining equations. Compare

with diagram constructed in Part E, II, e.

II. Show by a diagram how a half adder can be constructed

using mechanical switches. Repeat using a full adder.

IV. This experiment has emphasized the use of the addition

function. A similar derivation can be made using

subtraction. Construct a truth table for a half
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subtractor ignoring the possibility of a borrow term

originating from the previous subtraction. Be sure to

specify which variable is the minuend and uhich is the

subtrahend. Repeat this procedure for a full subtractor,

this time considerirg the possibility of a borrow prime

term originating from the previous sabtraction. Write

the defining equations aad simplify using Karnaugh Maps.

Compare the resulting "D" box diagram with that diagram

in Part E, II, e.
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AIR FRCE INSTITUTE OF TECHNOLOGY

Department of Electrical Engineering

Laboratory Experiment No. EE-309-5

A. TITIE: NOR-NAND Logic

B. PURPOSE: To study some of the characteristics of NOR-NAND logic

circuits and to develop some tools that are useful in

converting conventional logic expressions inft NOR-

NAND logic diagrams.

C. DISCUSSION:

I. NOR logic is defined as the inverse of OR logic

Truth Table

A B CR NOR

0 0 0 1
0 1 1 0
1 0 1 0
1 1 1 0

Figure 1

Expressing this in equation form, it is found that

All B - A +-- (B)

(The convention that will be used in this experiment
to denote the NOR and NAND functions will be those used
by Franz E. Hohn in his book Applied Boolean Algebra,
An Elementary Introduction.) (Ref. 1?57

Other useful identies are the following:

AIA - (2)

XIIi - AB - (A 1A)H (BIl B) (3)

- 0A + B - (All B) (AllB) (4)

50o
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II. NAND logic is defined as the inverse of AND logic.

Truth Table

A B AND NAND

0 0 0 1
0 1 0 1
1 0 0 1
1 1 1 0

Figure 2

Expressing this in equation form, it is found that

Al B - U - 1 + I

III. The use of these logic functions is increasing in

popularity. From an electrical engineering viewpoint,

is is possible to make the same circuit perform both

functions merely by changing the assignment of logic

levels. (Ref 2: Pages unnumbered) Thus it becomes

theoretically possible to build entire logic systems

using one type of circuit. It is even possible to build

storage elements and univibrators (with some minor

additions) using these elements. (Ref 6:159).

IV. Engineered Electronics Company of Santa Ana, California,

can take credit for development of a simple algorithm to

convert normal logic statements into NOR-NAND logic

diagrams (Ref 1:1). Basically it consists of four parts.

a. The conventional equation must not consist of multi-

variable not functions. These must be converted to
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single variable not function. (Example: The function

A + B + C must be simplified to A .

b. The simplified logic expression muast be converted into

a conventional logic diagram keeping in mind that

cascaded "AND" and "Or" gates must be converted into

single gates. (i.e. one "AND" (OR) gate can not drive

another like unit.)

c. Using NAND-NOR representation draw the circuit again

in the exact form as in (b.). If te output of the

original expression was taken from an "And" gate, NOR

logic will be used. If the output was taken from an

"Or" gate, NAND logic will be used.

d. The final step is to count the number of gates between

the output and each input. If the number of gates is

even, then the input is left exactly as it was. If

the number of gates is odd, then the input should be

changed at that point to its inverse.

V. The following example will

demonstrate the manner in

which this procedure can be

used. Take the expression

Y = A.B(CD + ,.

a. Notice that this expression does not contain any

multivariable not functions.
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b. Draw the conventional logic diagram.

BY
C

c. Notice that the output from the original diagram

came from an "And" gate. Therefore, the circuit

takes the form or a NOR logic diagram using "NOR"

gates. Draw the same diagram using "NOR" gates,

but do not put the input signals on at this time.

A

d. Count the number of gates between the output and

each input. if the number of gates is even, then

mark ti input exactly the same as the input in the

original logic diagram. If the number is odd, mark

the gate the inverse of what it was in the original

diagram. Notice that in the resultant NOR-NAND

circuit A, B, C, and D are changed to A, , , and 15.

I. Digital Bread Board

ii. VTVi
III. 1 3 Input "And" Gate
IV. 3 2 Input "Or" Gate
V. 1 3 Input "Or" Gate
VI. 5 Inverters

I. Construct a truth table to show that the NOR circuit
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derived in the example of Part C, V, is valid.

II. Synthesize the logic circuit of Part I above and take

the necessary data to verify the circuit. (For "NOR"

gates, use an "Or" gate followed by an inverter. For

"NAND" gates, use an "And" gate followed by an inverter.)

ii. Convert the follo-wing Boolean expressions to NOR-NAND

circuits using the procedure outlined in Part C.

a. X - A + BC(D + E)

1. Conventional logic diagram:

2. NOR-NAND diagram:

b. Y -A+ B+ CD

1. Conventional logic diagram:

2. NOR-NAND diagram:

IV. Build the two NOR-NAND logic circuits derived in Part III

above and take the necessary data to verify your diagrams.

V. Construct a truth table for a half adder.

A B Sum C

0 0
0 1
1 0
1 1

VI. Write the Boolean expressions for the Sum and Carry for

a half adder.

Sum

Carry -

VII. Convert the expressions above to NaR-NAND circuits and

take data to verify your results. (Use inverters when

you have a one input "NOR" or "NND" gate.)
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F. iALPORT:

I. Perform the experiment as required in Part E.

II. Prove by use of truth tables Equations (3) and (4).

II. Using the identities in Part C, derive the expressions

for Sum and Carry of the Half Adder. Do the results of

Part E, VII, confirm these derivations?

IV. Using the identities, convert the following expressions

to NOR logic.

a. X=]M+AB

b. Y A(B+C)+ C

c. X AB BC * r

V. bsing the procedure in Part C, IV, convert the following

expressions to NOR-NAID logic diagrams.

a. X: (A + B)4.(BC +)

b. Y AT(7 + D)

c. (17-9) t * D
D. REFLI-LN CES:

I. Flores, Ivan. Comuter Logic. Znglewood, New Jersey:
P-rentice-Hall,. Inc.

II. Hohn, Franz E.. Appied Boolean Algebra, An Elemen
Introduction. New York: The Macmillan Co., 96.

III. Siegal, Paul. Understanding Digital Computers. New
York: John Wiley And Sons Inc., 1961.
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AIR FORCE INSTITUTE OF TECHNOLOGY

Department of Electrical Engineering

Laboratory Experiment No. EE-309-6

A. TITLE: Shift Registers

B. PURPOSE: To illustrate some of the important characteristics

of shift register elements and to demonstrate some

of the various methods for constructing these devices.

C. DISCUSSION:

I. A shift register is a logic device composed of a series of

bit storage elements and the necessary gating circuitry to

move the bits from one storage element to another in some

predetermined fashion. The bits must be moved simultaneously

and must not interfere with each other (Ref 6:162). There

are many ways that this register can be constructed. The

storage devices may be distinct or they may be built into

the circuit. This experiment will discuss both types.

I. The first type of circuit that ill be discussed is the

shift register with the built in storage capability.

These shift registers have the shift capability of series

in, series out; or parallel in, series out. Distinct pulse

must be applied at the appropriate point to gate in the

DC value. These devices will be discussed in some detail

in Part E.
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IV. Another approach to the construction of shift registers

is the use of flip flops as bit storage units and pulse

gates and delays as the transfer elements. Again these

types of shift registers can have whatever input/output

characteristic desired.

D. & UIPMLNT:

I. Digital Bread Board
II. Dual Trace Oscilloscope
III. VTVM
IV. 4 Shift Register Elemnts
V. 4 Flip Flops
VI. 3 2 Input Pulse "And" Gates
VII. 3 Univibrators

I.

a. Connect a shift register element to the board and

connect a lead from one state to an indicator light.

b. Inputs numbered 2, 3, and 4 are used to shift serial

data into the register. A shift pulse must be applied

to pin 4 and at the same time there must be a DC (or

coincidental pulse) applied at the appropriate shift

data input pin. The best way to avoid confusion in

explaining the device is to explain the manner in

which a "1" or a "0" would be serially input to the

device.

1. To insert a "1"

(a) Connect pin 3 to a -3 volt source. Apply a

positive going pulse to pin 4; the register

57



GE/EE/62-14

should shift to the "1" state. (If it was

in the "1" state prior to the shift pulse,

then it will remain in the "1" state.

(b) Pulse the device again and note that the state

does not change.

2. To insert a "0"1

(a) Connect pin 2 to a -3 volt source. Apply

positive going pulse to pin 4; the register

should shift to the 110"t state.

(b) Pulse the device again and note that the

state does not change.

If. Connect another shift register element to the board. Short

pin 7 of the first shift register to pin 3 of the second

register, and short pin 8 of the first to pin 2 of the

second. Apply a pulse to pin 4 of both elements. Describe

what happens.

Apply -3 volts to pins 2 and 3 on alternate pulses to the first

register and note what happens. Satisfy yourself that you are

familiar with the serial operation of the register.

III. Short pins 11 and 12 together. Apply -3 volts to pin 5

on one register and pin 14 on the other register. Apply

a pulse to pin ii and describe what happens._ _

IV. It is important to realize exactly what is happening in the

shift register before you can construct complete logic

circuits. The shift register will not work if -3 volts
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is applied to both sides of the shift register. -3 volts

must be applied to the high side of the register in

order to shift the device. If you have ary questions

about operation of the equipment consult your instructor.

V. Connect 4 shift registers together for serial in, serial

out operation. Parallel all shift pulse inputs to the

register. Apply -3 volts to pin 3 of the first register

and apply one shift pulse. Describe what happens.

Change the -3 volts from pin 3 to pin 2. Apply three

pulses and describe what happens._ _ _ _ _

Apply one more pulse and note the result.

VI. Connect -3 volts to pins 2 and 14 of the first register,

to pin 5 of the second and fourth register, and to pin I4

of tie third register. Short together pins 11 and 12 on

all registers. Apply a shift pulse to the transfer pins

(pin 1 and 12) and describe the result.

Apply pulse to the shift pulse input Jack and note the

result. Vary the inputs to the parallel inputs and

satisfy yourself that you are familiar with the operation

of this type of shift register.

VII. Using elements other than complete shift register units,

draw a logic diagram for a three bit shift register.

VIII. Construct the circuit on the bread board and prove that

it works. Call your instructor and demonstrate the

circuit' s feasibility.
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F. REPORT:

I. Perfwm the experiment as required in Part E above.

II. Discuss some of the uses for a shift register.

III. Draw the logic for a shift register that can shift either

to the right or to the left. What mould be the usefulness

of such a device.

IV. Draw an accumulator using functional blocks of a device

that will perform serial addition and stcre the sum in

one of the registers.

G. REFER&CES:

I. Flores, Ivan. Comuter Logic. Englewood, New Jersey:
Prentice-Hall Inc., 1960.

II. EECo Digital Circuit Modules Catalo1 T72. Advertising
cataSanta An, Californr': - U-geered Electronics
Company, n.d.
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AIR FORCE INSTITUTE OF TECHNOLOGY

Department of Electrical Engineering

Laboratory xperiment No. EL-309-7

A. TITlE: Counters

B. PUTPOSE: To design and study logic circuits that can be used

to count to some predetermined number and circuits

that can divide a frequency by some preset amount.

C. DISCUSSION:

I. A counter is a logic element that stores digits in such a

manner that it is possible to tell the number of input

pulses by the states of individual stages. Basically a

counter consists of flip flops connected in cascade in

such a manner that when it changes from state 11111 to

state "0" it produces an output pulse to change the state

of the following flip flop. Counters are used for a wide

variety of purposes.

1i. One use of a counter is use as a frequency divider.

It can be readily seen how the input pulses can be

divided by a factor of 2n where n is the number of stages.

It is often necessary to divide the input pulses by some

number other than a factor of 2n
. In order to see how

this can be done, refer first to the truth table describing

the operation of a four stage counter. A four stage

counter will automatically reset itself on pulse 16. (One
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output pulse for 24 input pulses.) It is required to

reset the counter on pulse number 10. If somehow 6 can

be added to the counter during the counting operation,

the counter will reset on pulse 10. The problem then

resolves itself into one of how to add 6 to the counter

during the o-unting operation.

Truth Table for a Four Stage Binary Counter

Input Flip Flop 1 Flip Flop 2 Flip Flop 3 Flip Flop 4

0 0 0 0 0

1 1 0 0 0

2 0 1 0 0

3 1 1 0 0

4 0 0 1 0

5 1 0 1 0

6 0 1 1 0

7 1 1 1 0

8 0 0 0 1

9 1 0 0 1

10 0 1 0 1

11 1 1 0 1

12 0 0 1 1

13 1 0 1 1

14 0 1 1 1

15 1 1 1 1

16 0 0 0 0

Figure 1
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dhenever numbers are added to the counter, they should

be added to stages in state "0". Six can be added to

the counter by adding one to the second and third

stages. These ones must be added to the counter when

the second and third stages are in state "0". Stages

two sad three are both "0" on pulses 0, 1, 8, and 9. The

addition must also take place on some change in the state

of one of the stages that occurs only once in the counting

process. Flip Flop four changes state on pulse 8. Also

at this time stage 2 aid stage 3 are in the "0" state and

can be set to the 11111 state effectively adding 6 to the

counter.

III. One disadvantage in using the preceding procedure to

divide the frequencies is that the stages do not always

indicate the number of input pulses in a direct way.

Another type of counter, often called a fweshortened

counter, can be mde that will always indicate the

total number of pulses received and at the same time

reset itself on receipt of a preset number of pulses.

This can best be done by the following procedures:

a. Gate appropriate inputs to an "and" gate that will

disable the "and" gate when one less than the total

number of input pulses required is received. The

input pulses have to go through the "and gate and

hence when the gate is disabled prohibits the pulse
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from triggering the counter.

b. When the "and" gate above is disabled, enable

another "and" gate which will send the next pulse

to the reset trigger of each stage.

D. EQUIPMNT:

I. Digital Bread Board
II. Dual Trace Oscilloscope
III. VTVFi
IV. 4 Flip Flops
V. 4 2 Input Pulse "And" Gates
VI. 1 3 Input "And" Gates
VII. 1 Inverter

E. PROCEDURE:

I. Using the diagram below, build a counter.

II. Manually step pulses into the counter. Enter the state

of each stage in table below.

Input Flip Flop 1 Flip Flop 2 Flip Flop 3 Flip Flop 4

III. Connect the pulse input to the clock multivibrator set

at 5 kc. Using the dual trace oscilloscope, put the
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clock pulse on the upper trace and the output of

the rourth stage on the lower trace. How marr

input pulses does it take to get one positive going

output pulses? Draw the two waveforms below.

IV. Using the diagram in figure 3 construct a frequency

divider.

V. M-anually step pulses into the circuit. Enter the state

of each stage into the table below. What is the frequency

division of this circuit?

Input Flip Flop 1 Flip Flop 2 Flip Flop 3 Flip Flop 4
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VI. Connect the pulse input to the clock multivibrator set

at 5 kc. Using the dual trace oscilloscope, put the

clock pulse on the upper trace and the output of the

fourth stage on tne lower trace. Draw the waveforms.

IeL. Using the same basic diagram in Figure 3, draw a frequency

divider that will divide at a frequency division of 13.

What stages will have to have their states changed?

Connect the oscilloscope in such a manner that will verify

the results. Draw the waveforms.

Logic Diagram

Waveforms

Input

Output

VIII. Draw a logic diagram of a circuit that will perform

the functions of a foreshortened counter to six. It

is a requirement that the stages must indicate the
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number of pulses input for any number of pulses

less than six.

IX. M anually step pulses into the circuit. Enter the state

of each state in the table.

Input Flip Flop 1 Flip Flop 2 Flip Flop 3

F. REPORT:

I. Perform the experiment as required in part E.

II. Discuss the ways that counters of various types can be used.

III. Why is it necessary to trigger successive states from

the "0" side of the flip flop?

IV. write an expression fcr the frequercy divider that will

give the number that must be added to the counter in terris

of the desired frequency division and the next binary

increment.

V. Construct a truth table for a five stage binary counter.

When would the pulse to add numbers to the counter occur?

If it is desired to divide the frequency by 21, what number

would be added to the counter? What digits would be triggered?

Draw a logic diagram that will perform this operation.

VI. Draw the logic diagram for a foreshortened counter that

will count to 14. It is required that the stages indicate

the number of pulse received for numbers less than 14.
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G. REFERENCES:

I. Flores, Ivan. Computer Logc. Englewood, New Jersey:
Prentice-Hall Inc. ,960
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AIR FURCE INSTITUTE OF TECHNOLOGY

Department of Electrical Engneering

Laboratory Experiment No. EE-309-8

A. TITLE: Pulse Train Generators and Complementers

B. PURPOSE: To study the characteristics of complementers and to

build logic circuits that will perfom the complementing

function and to study and build logic circuits that

will perform the functions required of a pulse train

generator.

C. DISCbS3ION:

I. The two logic functions that are discussed in this experiment

have no connection with each other and are in the same

experiment coincidently. For this reason no attempt will be

made to relate one part of the experiment with the other.

II. Whenever it is required to generate a fixed number of pulse

to perform some logic function, a pulse train generator

is used. A pulse train generator maq be described as a

device that will generate a preset number of pulses after

receipt of a start signal. Upon completion of pulse

generation, the pulse generator will initiate an end of

pul e signal.

III. A pulse generater normally consists of a free running

multi vibrator, a pulse counter, and the necessary gating

circuits that will perform the logic. There are two

69



GE/EE/62-lh

types of pulse generators, synchronous and asynchronous.

A synchronous pulse generator is a synchronous with the

incoming start pulse. An asynchronous unit does not

have this restriction. In many logic applications the

asynchronous generator will suffice. (Ref 6:202)

TV. In many instances, it is inconvenient for the computer

to perform arithmetic functions in the conventional

manner. Instead the process of complementing is used,

The theory behind complementing has been discussed

previously in this course. Briefly complementing changes

the process of subtraction to addition or vice versa..

The complement of a number is the difference between that

number and the base of the complement. The most often

used complements are the 9's complement and the 10's

complement in the decimal based number system and the

l's and 2's complements in the binary number system.

V. To illustrate the complementing system, conside the

decimal number 5. The 9's complement of 5 is 4. The

10's complement of 5 is 5.

or 9's complement + 1 1 10' s complement (1)

In the binary system, the complementing system becomes

quite simple. For example, the l's complement of 1 is 0

the l's complement of 0 is one. Again the 2's complement

of a number is the l's complenent plus 1.
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VI. The complementing process can be expanded to binary

codes. While the binary digit sstem is used, the

complements can be expressed in the decimal stem.

The complements of Excess -3 coded decimal system is

shown in Figure 1.

Decimal XS-3 9's Complement

0 0011 1100
1 0100 l011
2 0101 1010
3 0110 1001
4 0111 1000
5 1000 011
6 1001 0110
7 1010 0101
8 1011 0100
9 1100 0011

Figure 1

VII. Notice that to find the complement of a number in the

XS-3 code, the only requirement is to exchange the ones

and zeros. A code which exhibits this capabilitr is

called a self complementing code. (Ref 11:50)

D. E4IP T:

I. Digital Bread Board
II. Oscilloscope
III. VTVM
IV. 4 Inverters
V. 3 2 Input "Or" Gates
VI. 1 4 Input "And" Gates
VII. 4 3 Input "And" Gates
VIII. 2 2 Input eulse And" Gates

E. PROCEDURE:

I. Draw the logic diagram for pulse train generator that,

after receipt of a start signal, will generate a series
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of ten pulses. Upon completion of the ten pulses,

the pulse generator will generate an "end of pulse"

signal. ior the purpose of this problem, the start

signal can be the DC reset pulse. Use the free running

multivibrator set at IPPS for the pulse source.

II. Build the logic circuit in I above. Starting with the

counter set at zero, determine the number of pulses- that

can be generated by the pulse generator. Record the

necessary information to substantiate your design.

III.

NBCD Codes and NBCD Complement Codes

Decimal NBCD NBCD Decimal
Digit Code Complement Digit

Code Complement

0 0000 1001 9
1 0001 1000 8
2 0010 0111 7
3 0011 0110 6
4 0100 0101 5
5 0101 0100 4
6 0110 0011 3
7 0111 0010 2
b 100 0001 1
9 1001 0000 0

Figure 2

Using the 9's complements of the NBCD code shown in

Figure 1 write the Boolean equations for each digit

of the complement.

IV. Draw a logic diagram that will perform the complementing

function of the Boolean equations given in part III.
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Synthesize the circuit and take necessary data to

substantiate your design.

V. Draw a table similar to that of Figure 2 for the NBCD

code using the 10's complement instead of the 9's

complem ent.

VI. Derive the Boolean equations for the complements digits.

VII. Draw a logic diagram that will perform the 10's complementing

functions for the NBCD code. Synthesize the circuit and

take necessary data to substantiate your circuit.

F. Z" aO T:

I. Perform the experiment as outlined in Part E.

II. liow would you make an asynchronous pulse generator into

a synchronous one? In general can synchronization be

performed in one synch pulse on a free running multivibrator?

III. Discuss some of the ways that a pulse train generator

can be used.

IV. Show that the 9's complement of the 5211 weighted decimal

code is a self-complimenting coding system.

V. Develop the logic for an XS-3 complementer.

VI. Explain how the complement of a self complementing code

system is readily available when the digits are stared

in some two state device such as a flip flop.

G. REF;2 iCi6:

I. Flores, Ivan. Computex Loc. ;ntlewood, New Jersey:
Prentice-Hall, Inc., 1960

II. Siegel, Paul. Understanding Digital Computers. New York:
John Wiley And Sons Inc., 1961
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AIR i'ORCE INSTITUTE OF T ZC1JOLOGY

Department of ELectrical ±ngineering

Laboratory Experiment No. Ez-309-9

A. TITLE: Arithmetic Logic

B. PTYIURCSE1: To illustrate by design and implementation how

functional units can be incorporated into complete

arithmetic logic functions.

C. DISUSSION:

1. Until the present, these experiments have been

primarily concerned with the design ard. use of functional

logic blocks. This experiment will be the first one in

which functional blocks are combined to farm some useful

arithmetic loZic that could be used in some actual digital

coputer.

II. The equipment listed in Part D includes three emitter

followers. Little use has been made of these units in

past experiments, but their use will be required in this

one. Care must be taken to insure that the loading of logic

devices does not occur. If in doubt, use an emitter follower.

M1ost "And" and "Or" gates contain emitter follower within

them and do not have to have an emitter follower to drive

their output. Flip flops, shift registers, and other pulse

generators do not have these integral emitter followers

74



GZ/2E/62-14

and must be closely monitored to insure that they are not

loaded excessively. In general if a pulse generating

unit is driving more than three units, use an emitter

follower. This is an emperica relationship and can be

tested as you build the circuit.

III. Another factor that has not appeared to arW great extent in

previous experiments is the race condition. This condition

is caused by changing of the state condition of some unit

that is expected to drive some other logic device based

on its previous or present state. The result can not

necessarily be predicted in a logic dia6Tam. The judicious

use of delays can solve this problez. The exact nature

of the race problem in this experiment is compounded by

the slow speed (manual pulse and 1 pulse per second) that

will be required in the experiment.

D. Z UIPLNTI:

1. 2 Digital Bread Boards

II. Dual Trace Oscilloscope

iiI. VTVM

IV. 3 Emitter Followers

V. 4 2 Input Pulse "And" Gates

VI. 5 Inverters

VII. 3 2 Input "And" Gates

VIII. 1 3 Input "And" Gates

IX. 8 Shift Registers
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X. 7 Flip Flops

XI. 7 Univibrators

XII. 1 2 Input "Or" Gates

XIIi. 2 Half Adders (If half adders are not available, then

additional logic units must be used to make a full

adder.)

E. REPORT:

I. Draw the logic for an arithmetic unit that vil perform

serial addition subject to trhe following constraints.

a. The DO reset button can be used as a signal to add

and to reset any binary counters used.

b. The system must respond to the manual pulse generator

and to the clock generator set at 1 pulse per second.

c. The addend and augend must be parallel input into their

respective registers.

d. The sum must appear in the addend accumulator at the

end of the addition process.

e. The register will contain four bit storage elements.

f. At the end of the arithmetic process, there must be

an indication of carry overflow or completion of

operation.

g. Pulse input to the system must come from a single

source@

II. Impleuent the loeic diagram on the two bread boards.

Connect the chassis grounds togethcr. Check the voltage
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levels on the two boards to insure that comparable

voltages are the same.

Ill. Put various numbers into the accumulatars and check to

see that the unit performs as it should. Troubleshoot

the logic with the manual pulse generator. When the

device is working, call your instructor to demonstrate

its capability.

F. R-F:ZRNCZS:

I. Flores, Ivan. Computer Logic Englewood, New Jersey:
Prentice-Hall Ic., 1960

II. EBCo Digital Circuit Nodules Catalog T72. Advertising
'log. Santa Ana, California: Lngineering Electronics

Companr, n.d.

III. Siegal, Paul. Understanding Digital Computers. New York:
John Wiley ai Sons Inc. 91.
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Pulse3 z; B, B z B B4
P 5 .A S - S A 4. S

-3w.

00

End ar

Experiment No. US-309-9 Solutiou
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AIR FOR INSTITUTE OF TECHNOLOGY

Departmert of Electrical Engineering

Laboratory Experiment No. EE-309-10

A. TITLE: Logic Design

B. PURPOSE: To demonstrate the utilization of logic functions

in design problems.

C. DISCUSSION:

I. All the logic circuits that have been discussed to date

have had direct application in digital computers. This

experiment will be co ncerned with these types of circuits

but, in addition, will be concerned with circuits that can

perform logic functions in other t ypes of electronic

equipment,

II. Your instructor will decide which of the logic functions

will be implemented on the bread board and which will be

merely drawn. Unless otherwise directed assume that the

device must be controlled by the manual pulse generator.

D. EQUIPMNT: To be designated by the instructor.

E. REPORT: Obtain logic solutions to the problems below either

by drawing logic diagram or by implumentation on

the bread board. Specific instructions will be

issued by the instructor.

I. Prepare logic that will take the representation of decimal

digits 1 through 9, convert them into binary notation, and

produce the nine's complement of the original decimal digit.
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Both the input and the output should be represented by

some predetermined light.

II. A certain pulse coded modulation signal consisting of

eight bits is to be serially input into a device. Design

a logic device that will produce a true signal if one

of the following three conditions are met:

a. Four or more of the inputs are "l's".

b. The eighth pulse is "1".

c. The second and the fifth pulse are Ills",

III. It is desired to modulate the output of the airborne

transponder of the TACAN with a pulse code that will

represent the aircraft's altitude. The code has been

established to consist of five digits. The triggering

signal of the TACAN consists of two pulses. Design

a circuit that will generate the output required after

receipt of the two trigger pulses from the TACAN output.

Generate the trigger pulses with one manual pulse

generator and the clock pulses with another maual pulse

generator.

IV. A pulse code modulated signal consists of eight bits

serially input to a shift register. Assume that the first

pulse is some type of aynch pulse that would normally

synchronize the clock generator to the incoming pulse.

The fourth and fifth pulse contain the binary code digits
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that are of interest. Design a logic circuit that will produce

a decimal digit output based on the info mation contained in the

fourth and fifth pulse. It is not necessary that the other digits

be indicated. At the end of the signal the device must be capable

of receiving new infornation.
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Appendix B

Cost of Diidtal Bread Board

Unit Type No. Cost/Unit Total Cost Total Cost
$ (1) $ (2) $

T-13 Emitter Follower 2 21.35 42.70 85.40
T-448 2 Input Pulse "And" 4 48.90 195.60 391.20
T-136 Invert e 5 19.45 97.25 162.50
T-641 2 Input "And" 2 28.20 56.40 112.80
T-620 3 Input "And" 4 33.10 132.40 264.80
T-606 Shift Registers 8 53.05 424.40 699.20
T-101B Flip Flop 10 34.80 348.00 677.50
T-166 Univibrator 7 38.40 268.80 431.20
T-642 2 Input "Or" 4 28.20 112.80 225.60
T-424A Half Adder 2 34.95 69.90 139.80

4T .5 $1yo.o
Module Cost (Ref 12:1-3)

(1) This cost figure is based upon the minimum equipment that

it would take to perform all experiments. It is based upon

complete capability for simultaneous performane of experiments 2

through 8 by two groups and capahility for one group to perform

experiments 9 and 10. This figire does not include the Bread Board

itself.

(2) This cost figure is based upon twice the capability of (1).

Each Bread Board and its associated equipment costs 41422.00. To

realize the capability in (1) would take two Bread Boards. so the

total cost would be $4526.95. Total cost to realize (2) would be

48878.00.
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I ijid CT Ie .. Itlhg I!, t, jiistr d!igital circuit modules

This catalog offers you fast access to information de-
scribing the most proven and widely used family of
digital circuit modules available. Separate sections en-
able rapid location of data needed .These sections are:

I ND11IA. starting on the next page, shows the location of
general family information, information for each circuit
ty pe and information on related e(juipmfltit units.

(.!I I~ I kI I * \TI I 11' 01 U \ I VI ION,. sta rt in g on page
7,Covers specifications, conistruiction, loading procedures,

symb)ol definitions and Other material that is common to
all T- or (A,- modules.

IHU t I I) DXI \ SlI(Al ON begins on page 18. This see-
tion covers each module iii detail. The units are grouped
by circuit type and funmction and the functional groups are
afranged in alphabetical sequence. For example, data on
Emitter Followers are presented prior to data on Flip-Flops.

HFI, VII] FD )1 II'\IFNI SIJ( I') presents information
on digital system breadboard equipment, power supplies,
hardware, and pancls anid chassis. This section begins on
page 65.

1'IWF( in~ ! 9I)V IUNIN IA BMAlION are provided
on sheets in the back of this catalog.

SPEC IsFICArio0,V,

#IROIL C o,~



CONTENTS OF THIS CATALOG Gated Flip-Flup (T-604), with direct base input for reset, 0 to 250 Kc 39
C Gated Flip-Flop (T629), with DC-coupled input for reset, 0 to 250 Kc 39

General Information About EECo 4 Gated Flip-Flop (T-301A), with DC-coupled input for reset, 0 to I Mc 39
Other EECo Products 5 Gated Flip-Flop (T-80A), with OC-coupled and
Family Information 7 direct base inputs for reset, 0 to I Mc 39 ,

T-Series 8 INVERTERS q
CT-Series 11 Dual Pulse Inverter (T-117), 250 Kc max 42
Loading Information 12 Dual Inverter (T-136), 0 to 250 Kc 42
Circuit Symbols 1... 6 Inverter (T-137), emitter-follower buffered output, 0 to 250 Kc 42
T-Series Unit Data 18 Dual Inverter (T-138), one output emitter-follower

buffered, 0 to 250 Kc 42
AMPLIFIERS
Squaring Amplifier (T-106), 0 to 500 Kc 19 LOGIC
Squaring Amplifier (T-312), 0 to 1 Mc 19 DCTL "AND"

Squaring Amplifier (T-306), 0 to 5 Mc 19 DCTL "And" Gate (T-641), dual 2-input or
Linear Amplifier (T-108), 30cps to 500Kc 22 single 4-input, 0 to 250 Kc 44
Pulse Amplifier (T-118), 250Kc max. 22 DCTL "And" Gate (T-802), dual 2-input or
Video Amplifier (T-305), 2Ocps to 1OMc 22 single 4-input, 0 to 1 Mc 44
Voltage Comparator T-172), 100-iv sensitivity, 0 to 250 Kc 24 DCTL "And" Gate (T-439), 3-input, 0 to 250 Kc 44

ARITHMETIC CIRCUITS DCTL "And" Gate (T-309), 3-input, 0 to 1 Mc 44
DCTL "And" Gate (T-650), dual 3-input or

Half Adder/ Subtractor (T-424A), 0 to 250 Kc 25 single 6-input, 0 to 250 Kc 44
Half Adder (T-441), 0 to 250 Kc. 26 DC "AND"
Half BCD-to-Decimal Converter (T-628), 0 to 1 Kc 26 Dual DC "And" Gate (T-404), 2-input, 0 to 250 Kc 46

DRIVERS Dual Logic (T-432), 2-input DC "And"i2-input
Dual Relay Driver (T-134), -35V at lOOma, 1!1V turn on. 28 "Exclusive-OR", 0 to 250 Kc 55
Dual Relay Driver (T-135), 35V at lOOma, 3V turn on 28 Dual Logic (T-433), 2-input DC "And"/ 2-input DC "Or", 0 to 250 Kc 55
Dual Relay and Indicator Driver (T-170), Dual Logic (J-434), 2-input DC "And" gates with

435V at ]OOma, I IV turn on . 28 "Or'd" output, 0 to 250 Kc 55
Dual Relay and Indicator Driver (T-171), Dual DC "And" Gate J1-620), 3-input, 0 to 250 Kc 46

-35V at 100ma, -3V turn on .................. 28 DC "And" Gate (T-405), 4-input, 0 to 250 Kc 46
Relay Driver (T-139), - -3OV at 400ma, - 3V turn on 28 DC "And" Gate (T-621), 7-input, 0 to 250 Kc 46
Relay Driver 17-141), -. 45V at 400ma, 3V turn on 28 DC "And" Gate (T-627), 9-input, 0 to 250 Kc 46
Relay Driver (T-120), 48V at 500ma, 11V turn on 27 DC "And Gate (T-622), 10-input, 0 to 250 Kc 46
Relay Driver (T-121), 90V at 5OOma, IIV turn on 27 PULSE "AND"

Relay Driver (T-128), 30V at 50Oma, 11V turn on 27 Pulse "And" Gate (T-318), lMc max 48
Relay Driver (T-130), 30V at 1 amp, -11V turn on 28 Dual Pulse "And" Gate (T-410A), common pulse input, 0 to 250 Kc 48
DC Driver (T-163), 0 to 250 Kc 30 Dual Pulse "And" Gate (T-637), separate pulse inputs 0 to 250 Kc 48
Capacity Driver (T-165), 0 to 250 Kc 30 Dual Pulse "And" Gate (T-413), 2-input with
Capacity Driver (T-302), 0 to 1 Mc 30 "Or'd" output, 0 to 250 Kc 48

EMITTER FOLLOWERS Dual Pulse "And" Gate (T-448), 0 to 250 Kc 48
Triple Pulse "And" Gate (T-630), separate pulse input, 0 to 250 Kc 48

PNP Emitter Follower (T-111), 0 to 250 Kc 32 Sextuple Pulse "And" Gate (T-612), common pulse input, 0 to 10 Kc 48
Dual PNP Emitter Follower (T-112), 0 to 250 Kc 32 Sextuple Pulse "And" Gate (T-613), separate pulse inputs, 0 to 5 Kc 48
Triple PNP Emitter Follower 1-113), 0 to 250 Kc 32 Pulse "And" Gate (T-447), 2 control inputs, 0 to 250 Kc 48
NPN Emitter Follower (T-114), 0 to 250 Kc 32 Pulse "And" Gate (T-411), 4 control inputs, 0 to 250 Kc 48
Dual NPN Emitter Follower (T-115), 0 to 250 Kc 32 Pulse "And" Gate (T-601), 8 control inputs, 0 to 250 Kc 48
Triple NPN Emitter Follower (T-116), 0 to 250 Kc 32 OCTL "OR"
PNP/NPN Emitter Follower (T-161), 0 to 250 Kc 32 DCTL "Or" Gate (T-642), dual 2-input or single 4-input, 0 to 250 Kc 45
Dual PNP/NPN Emitter Follower (T-652), 0 to 250 Kc 32 DCTL "Or" Gate (T-803), dual 2-input or single 4-input, 0 to 1 Mc 45
Complementary Emitter Follower (T-304), 0 to 1 Mc . 32 DCTL "Or" Gate (T-440), 3-input, 0 to 250 Kc 45
Dual Complementary Emitter Follower (T-307), 0 to 1 Mc 32 DCTL "Or" Gate 11-3101, 3-input, 0 to 1 Mc 45

FLIP-FLOPS DCTL "Or" Gate (T-651), dual 3-input or single 6-input, 0 to 250 Kc 45
RST Flip-Flop (T-101B), DC- and AC- coupled inputs, 0 to 250 Kc 34 DC "OR"

RST Flip-Flop (T-633), DC- and AC- coupled inputs, and Dual DC "Or" Gate (T-406), 2-input 0 to 250 Kc 51
direct base inputs, 0 to 250 Kc.... ... 34 Dual Logic (T-433), 2-input DC "And"i2-input DC "Or", 0 to 250 Kc 55

RST Flip-Flop (T-644), with PNP emitter follower Dual DC "And" Gate with "Or'd" output (T-434), 0 to 250 Kc 55
on one output, 0 to 250 Kc ....... .............. ... ...... . 34 DC "Or" Gate (T-442), 3-input, level restoring, 0 to 250 Kc 51

RST Flip-Flop (T-643), with PNP emitter follower DC "Or" Gate (T-407), 4-input, 0 to 250 Kc 51
on both outputs, 0 to 250 Kc ... 34 DC "Or" Gate (T-623), 6-input, 0 to 250 Kc, 51

RST Flip-Flop (T-157), with NPN emitter follower DC "Or" Gate (T-614), 7-input, 0 to 250 Kc 51
on trigger input, 0 to 250 Kc .... ........... ... 34 DC "Or" Gate (T-634), 8-input, 0 to 250 Kc. 51

T Flip-Flop (T-102A), 0 to 250 Kc ....................... 36 DC "Or" Gate (T-635), 9-input, 0 to 250 Kc. 51
T Flip-Flop (T-647), with PNP emitter follower EXCLUSIVE "OR"

on both outputs, 0 to 250 Kc............... ......... 36 Exclusive-"Or" Gate (T-421A), 2-input, 0 to 250 Kc 52
T Flip-Flop (T-303), 0 to 5 Mc ................ ................. ... 36 Exclusive-"Or" Gate (T-315), 2-input, 0 to 1 Mc...... 52
RS Flip-Flop (T-162), 0 to 250 Kc .... ............ .. .38 Dual Exclusive-"Or" Gate (T-423A), 2-input, 0 to 250 Kc 52
RS Flip-Flop (T-646), with PNP emitter follower Dual Exclusive-"Or" Gate T-805), 2-input, 0 to 1 Mc 52

on one output, 0 to 300 Kc ................... . ........... . 38 Exclusive-"Or" Gate (T-422), 3-input, 0 to 250 Kc 52
RS Flip-Flop (T-648), with PNP emitter follower Dual Logic (T-432), 2-input DC "And"/2-input

on both outputs, 0 to 250 Kc .............. ..... 38 Exclusive-"Or", 0 to 250 Kc .............. . .52, 55
Shift Register Flip-Flop (T-605), parallel-in/parallel-out, PULSE "OR" (PULSE MIXER AMPLIFIFRS)

one output emitter-follower buffered, 0 to 25 Kc ......... . . ......... 39 Pulse Mixer Amplifier (T-430), 2-input, 0 to 250 Kc 54
Shift Register Flip-Flop (T-606), serial-in/serial-out or Pulse Mixer Amplifier (T-431), 3-input, 0 to 250 Kc 54

parallel-in/serial out, 0 to 250 Kc ............. ....... . ...... 39 Pulse Mixer Amplifier (T-412), 5-input, 0 to 250 Kc 54
Shift Register Flip-Flop (T-610), serial-in/parallel-out, 0 to 250 Kc ... 39 Pulse Mixer Amplifier (T-602), 9-input, 0 to 250 Kc 54



" N'OH"' GA IES RelatedEqimn.................................................... 65
2-input "And!2-lnput 'Exclusive Or' Gate (T-432) 55..... Equipment..

'lnt n"/-nt"O"Gt(T43.Digital System Breadboard Kits H-181 .. ............... 67
Jual 2-input "And" Gate with "Or'd" Output 1I-34 Digital System Breadboard Kits H-189 ........... ...... 68

-4C4) _oi 2-nu .Ad-nu "Or (.....653.... 55 Digital System Breadboard Kits H-180 ..... .......

NOR arid NAND GATES Power Supply ZA-720, Dual 12VDC 5 amp........ ....... .. 71
NOR Gate (T-437), 4-input, 0 to 250 Kc.I............-........... 56 Power Supplies ZA-721 and ZA-725, 12VDC, 1 amp .. . .... ......72

NRGt(-3),4ipt0to1M56Power Supply ZA-723, 12VDC, 300ma .......... ...............7
NOR Gate (T-308), -input, 0 to 25 c ... . . ...... . ... 56 Power Supply ZA-724, 12VDC, 3 amp........._............................ 74
NAND Gate 1T-438, -input, 0 to 250 Kc 56.. Power Supply ZA.7 .. .DC .... a...................75

MULTIVIBRATORS ~ ~~Power Supplies ZA-728 and ZA-729, 12VDC, 5 amp... .................. 76

Multivibrator (T-104), 0 to 325 Kc Panel and.... Chassis...............................75
Multivibrator (T-314), 10O 1(c to 1 Mc ....... ............... ...... 57 P n l n h s i ...................................7

One-Shot Multivibrator (T-1661, 0 to 250 Kc .. ..... i.. ..5 T Series Hold Down Hardware .............. .............77
One-Shot Multivibrator (T-167), temperature stable, 0 to 250 Kc ... _57 CT Series Hardware ............. ...................... 80
OSCILLATORS Ordering Information including Price Lists and
Crystal-Controlled Oscillator (T-140), lKc to lOKc ......... _59 List of Representatives ...... ........ Inside Back Cover
Crystal-Controlled Oscillator (T-107), 1l1(c to 751(c.. ............ 59
Crystal-Controlled Oscillator (T-127), 75Kc to 2501(c .............. 59
Crystal-Controlled Oscillator (1-311), 2501(c to lMc .............. 59 \IATERIAL IN BACK OF CATALOG:
Blocking Oscillator (1-110), 0 to 250 Kc_ .................... ...62 PRICES AND BUYING INFORXMATION
RESET GENERATORS
Reset Generator (T-109) for T-Series .......... 63 ______________________________
Reset Generator (T-129) for N-Series ........... 63
VOLTAGE REGULATOR
Voltage Regulator (1-123), -75VDC output. 64
BIAS SUPPLY
-3 and -11 VOC Bias Supply (T-173) 64......._..__......._...............................____64

T-SERIES MODULE NUMBER INDEX
MODULE CIRCUIT PAGE MODULE CIRCUIT PAGE MODULE CIRCUIT PAGE
T-101 U .. RST FLIP-FLOP ........... 34 T-172...VOLTAGE COMPARATOR .... 24 T-447...PULSE "AND". ........... 48
T-102 A..T FLIP-FLOP ............. 36 T-173...BIAS SUPPLY ....... 64 T-448...PULSE "AND" . . ......... 48
T-104...MULTI VIBRATOR .......... 57 T-301 A _ GATED FLIP-FLOP .... 39 T-S01...PULSE "AND". ........... 48
T-10 ... SQUARING AMPLIFIER ... 19 T-302...DRIVER......... 30 T-602...PULSE "OR". ............ 54
T-107...OSCILLATOR ............. 59 T-303...T FLIP-FLOP ....... 36 T-604...GATED FLIP-FLOP ......... 39

T-108...LINEAR AMPLIFIER ..... ... 22 T-304...EMITTER FOLLOWER .... 32 T-605...SHIFT REGISTER F/F..39
T-109...RESET GENERATOR ......... 63 T-305...VIDEO AMPLIFIER ..... 22 T-606...SHIFT REGISTER F/F ... 39
T-110...BLOCKING OSCILLATOR..62 T-306...SQUARING AMPLIFIER... 19 T-510...SHIFT REGISTER F/F ... 39
T-111...EMITTER FOLLOWER ....... 32 T-307...EMITTER FOLLOWER ....... 32 T-612...PULSE "AND"............. 48
T-1 12...EMITTER FOLLOWER ....... 32 T-308...NOR GATE.............. 56 T-61 3...PULSE "AND". ........... 48

T-1 13...EMITTER FOLLOWER ....... 32 T-309...DCTL "AND"........... ... 44 T-614. ..DC "OR". ............... 51
T-1 14...EMITTER FOLLOWER ....... 32 T-310...DCTL "OR"............... 45 T-e20...DC "AND". .............. 46
T-1 15...EMITTER FOLLOWER ....... 32 T-31 1...OSCILLATOR ............. 59 T-S21...DC "AND"................ 46
T-15I...EMITTER FOLLOWER ....... 32 T-312...SQUARING AMPLIFIER ... 19 T-622...DC "AND". .............. 46
T117...INVERTER.............. 42 T-314...MULTIVIBRATOR .......... 57 T-e23...DC "OR". ............... 51

T11ie...PULSE AMPLIFIER ......... 22 T-315...EXCLUSIVE "OR"........... 52 T-e27...DC "AND". .............. 46
T-120...DRIVER................ 27 T-3158...PULSE "AND"............. 48 T-828...CODE CONVERTER ......... 25
T-121...DRIVER................ 27 T-404...DC "AND". ............. 46 T-629...GATED FLIP-FLOP ......... 39
T-123...VOLTAGE REGULATOR ... 64 T-405...DC "AND". ............. 46 T-830...PULSE "AND". ........... 48
T-127...OSCILLATOR.............59 T-40e...DC "OR" . . . ............ 51 T-633...RST FLIP-FLOP ........... 34

T-128...DRIVER................ 27 T407...DC "OR". ............... 51 T-634...DC "OR". ............... 51
T-129...RESET GENERATOR ........ 63 1-41 0 A..PULSE "AND". ........... 48 T-635...DC "OR". ............... 51
T-130...DRIVER................ 28 T-411...PULSE "AND"............. 48 T-e37...PULSE "AND". ........... 48
T-134...DRIVER................ 28 1-412...PULSE "OR". ............ 54 T-141...DCTL "AND". ............ 44
1-135...DRIVER................ 28 1-413...PULSE "AND". ........... 48 T-842...DCTL "OR". ............. 45

T-13 ... INVERTER.............. 42 T-421 A..EXCLUSIVE "OR"........... 52 T-543...RST FLIP-FLOP ........... 34
T-137...INVERTER.............. 42 T-422...EXCLUSIVE "OR"........... 52 T-644...RST FLIP-FLOP ........... 34
T-138...INVERTER.............. 42 T-423 A..EXCLUSIVE "OR"............ 52 T-645...NOR GATE.............. 56
T-1 30...DRIVER ................ 28 T-424 A..ARITHMETIC CIRCUIT ... 25 T-40e...RS FLIP-FLOP ............ 38
T-140...OSCILLATOR ............. 59 1-430...PULSE "OR". ............ 54 T-547...T FLIP-FLOP............ 36

T-141...DRIVER................ 28 1-431...PULSE "OR". ............ 54 T-548...RS FLIP-FLOP ............ 38
T-157...RST FLIP-FLOP ........... 34 1-432 ... "AND"/"OR".............. 55 T-650...DCTL "AND".... ........ 44
T-181...EMITTER FOLLOWER ....... 32 1-433 ... "AND/"OR".............. 55 T-651...DCTL 'OR". ............. 45
T-152...RS FLIP-FLOP........... 38 1-434 ... "AND"/"OR".............. 55 T-552...EMITTER FOLLOWER ....... 32
T-153...DRIVER................ 30 T-437...NOR GATE.............. 56 T-553 ... "AND"/"OR".............. 55

1-15 ... DRIVER ................ 30 1-438...NAND GATE ........ ..... 56 1-801 A..GATED FLIP-FLOP ......... 39
T-16 ... ONE-SHOT.............. 57 1-439...DCTII "AND".............. 44 T-002...DCTL "AND". ............ 44
T-157...ONE-SHOT.............. 57 T-440 . D...CTL "OR". ........... 45 1-503 ... CTL "OR". ............. 45
T-170...DRIVER................ 28 1-441...FULL ADDER............ 25 T-805...EXCLUSIVE "OR"............ 52
T-171...DRIVER ................ 28 1-442 ... C "OR" ............... 514
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SPECIALIZES IN DIGITAL CIRCUIT MODULES
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EECo, Engineered Electronics Company, specializes
in the production of efficient electronic "building
blocks." This specialization assures EECo's customers
of advanced circuit module techniques, a maximum
variety of available module types, speedy off-the-shelf
delivery, and reduced system checkout time. The
mushrooming volume and diversity of electronic sys-
tems that use EECo modules is proof of EECo's
ability to assure "pre-proven module performance
with maximum reliability." In short, EECo's modules
eliminate hours of circuit development, testing, cor-
recting and re-testing from a system schedule, with
appreciable savings to the system's total cost. I

EECo FACILITIES EECo PERSONNEL
Strategically located on a 19-acre site in the heart of Engineered Electronics Company's entire top manage-
the new industrial area of Santa Ana, California, Engi- ment are EE graduates. Twenty engineers are avail-
neered Electronics Company's modem plant and fa- able at all times for circuit design and application
cilities are completely furnished with the latest counselling. In addition, we have 50 trained digital
equipment, including an integrated production line men in the field. All of our key personnel have
for welding under microscopes. secret clearance.

Also included is a bonded stockroom for Jan Mil parts.
Present overall facilities clearance is to Confidential.

A complete evaluation of production runs is observed EECo PRODUCTS
before any circuits are released. Quality-control test- EECo produces 8 cataloged circuit module families in
ing is performed on a 100% basis, with quality control addition to custom-produced modules, related bread-
approved and under the cognizance of the U. S. boards, power supplies and hardware.
Signal Corps.

Accounting is under the audit of the U. S. Materiel
Command.
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TRANSISTOR DECADE COUNTERS (N-SERIES)
_N-Series Plug-In Decade Counters feature high-operating

speed, simple power requirements, and three types of read-
out. The three types of readout are: (1) a vertical display
using ten incandescent lamps, (2) an in-line display using
a NIXIE Tube, and (3) a remote projection-type display.
All counters in the N-Series family are completely com-
patible with the T-Series Digital Plug-In Circuits.

These Decade Counters are also available in circuit board
form.

ELECTRON TUBE CIRCUIT
PLUG-IN CONTAINER MODULES (Z-SERIES)
EECo's first "off-the-shelf" module series is still available
in Standard units, for general applications, and Rugged-
ized, for more severe environmental conditions. Each
Z-Series circuit contains one tube and is housed in a baked
enamel container of die-cast aluninum. The 8 and 11 pin

headers fit standard size sockets.
MAGNETIC CORE-TRANSISTOR
ENCAPSULATED MODULES (M-SERIES)
.m-Series .magnetic (ure-Transistor Circuits include a wide
selection of shift-i gistei elements, pulse-gates, and core-
drivers. Ts\ientv iiits of the family are intended for shift-
Segist( r application and are packaged in containers identical
to the T-Series containers. These twenty units are elec-
trically compatible with the T-Series units and thus provide
aldditioial choice in the design of digital systems and
equipment. Remaining units of the M-Series family are for
general application and are available in a choice of two
encapsulated packages; a cylindrical package which plugs
into nini ttire-relay-type sockets or a rectangular package

for installation on circuit cards.

G-SERIES EXTENDED SERVICE
DIGITAL CIRCUIT MODULES
The G-Series is a complete family of high quality, low-
cost digital circuits on cards. Designed for either synchron-
ous or non-synchronous applications, these units operate
at frequencies up to 10 Mpps. For timing or nonsynchron-
ous applications, G-Series units are used in conventional
carry-trigger fashion without need for intervening ampli- MINISIG® INDICATORS (R-SERIES)

fiers or special clocking techniques. For computing or R-Series Minisig Indicators are sensitive indicator devices

synchronous applications, G-Series units are primarily used used to indicate the state of a flip-flop or storage element.

to implement logical expressions of the "And-to-Or" vari- Most Minisig indicators incorporate a driver circuit in

ety. Inherent flexibility of logic loading considerations per- order to give on-off indications where the signal excursion

mits rapid and uncomplicated system design. or power output is too small for direct operation of neon

This family consists of four compatible sub-groups of cir- or imtandescent lamps, and can, therefore, be used effec-

cuits; sub-groups which operate at frequencies tip to 10 tively in systems designed for small signal excursions.

Mpps, 5 Mpps, 500 Kpps, and 25 Kpps respectively. Each These 'ndicators are available in a variety of models in-

sub-group contains the necessary circuits to provide an eluding neon-type, filament-type, high-temperature-type,
attractive price advantage to the system designer ... it and thyratron-type units. Most models have adjustable

is not necessary to pay for higher 'frequency capability operating characteristics controlled by external bias voltage

than is necessary for each system or portion of a system. to accommodate a wide range of input signal conditions..LA



TRANSISTOR UNIVERSAL NOR WELDED MODULES U SIRIES.
The universality of the U-Series is illustrated by the fact
that only four basic module types (a dual NOR circuit,SPECIAL AND CUSTOM CIRCU
a dual Power Driver, a Converter, and a dual Pulse Gate) We invite quotation requests to produce special units tai-

are needed to form a complete prodnct line for any given lored to your specific needs. Because of our experience in

frequency range. The full economy of this series is realized package design and assembly methods, we can produce

in systems using extensive ainounts of logic, these specials at a cost favorably comparable to the cost

U-Series modules can also form flip-flops, multivibrators, of producing an equal number of standard items. Prices

one-shots, and other active circuits in simple two-module on your special circuits can be estimated within 15% to

assemblies. These modules are available in a choice of 25% by comparing your circuits to similar circuits in the

soldered or welded configurations and are available in EECo catalog. When quotations are requested, or when

two encapsulated shapes ... rectangular for dens circuit- orders are placed on an "advise-price" basis, the following

card assemblies, and clindrical for tse with breadboard information is required:

kits or relay type sockets in conlventional chassis 1. Circuit schematic.
applications. 2. Bills of Materials with:

Transistor, tube, or diode types.
Resistor values, tolerances,wattages, and
temperature coefficient.
Capacitor values, tolerances, voltages, and
temperature coefficient.

MINIWELD® SYSTEM CIRCUITS K 0"d I SERIES)
Highly developed welding and matrix methods pack up to40 componenlts into one L-Series module which occupies
less than 2.5 cubic inches. Tlhre ire 152 compatible mod-

tiles in the L-Series.
K-Series units are economical breadboard versions of the
more-expensive welded L-Series modules. A careftul anal-
ysis of various systems requirements provided EECo with
the ability to generate only 14 types of these K-Serics units PACKAGING OF CUSTOM WELDED CIRCUITS
which enable economical breadboard simulation of all 152 EECo has complete facilities for production packaging of
L-Series modules. Use of K-Series units permits bread- welded circuits. We maintain a staff of packaging engi-
boarding a complete system or any portion of a system neers, a metallographic lab and a plastic chemistry lab to
without expensive "prototype system expense. assist you in custom packaging of your circuits.



T-Series and CT-Serles plug-in transistor digital circuit module

[ general family informatik
This section covers the general features, con-
struction and specifications common to all T or
CT Series modules. Of particular interest is the
new loading information beginning on page 12.



U general information

The T-Series is a family of transistorized digital cir-
cuits for service in compact systems and equipment.

Typical T-Series plug-in Typical T-Series construction

package, actual size. details, actual size. (Patent Featured in the T-Series are:
#2986675) 1. Cornpatibl', standardized si,,nal levels.

2. Consistently conservative electrical specifications.
3. Standard packag-c outline.

4. Simiple poicer re(,uirem('nts.
5. Electrical compatibility with N-Series Decades,

fR-Series AlinisigO indicators, and M-Series Mag-
ne'ic Core-Transistor Encapsulated Modules.

6. Choice of repairable modules, encapsulated
modules for industry, and encapsulated modules
for military aplplications.

In general, circuit design is based on saturated opera-
tion of the transistors involved, except ,where fully

Maximum compactness is reliable performance can be achieved using unsatur-
achieved by mounting T- ated operation. Each circuit design is based on derated
Series units on 1-inch con- specifications for the components used; and the re-tars, a shown in this view
of a standard 19" x 3 " suiting circuit specifications are then further derated
panel, which contains a total to give reserve reliability. (For example, the guaran-

teed operating frequency range of a typical T-Series
circuit may be derated by as much as 50%.)
The usual operating temperature range for T-Series
circuits is -45*C to +65*C, with variations as noted

Pin 1: Pin 5: on the individual specification sheets. Many circuits-12 volts DC a. Miscellaneous on most will operate over a range of -54 0C to +71 0 C. Storage
(ALL Standard units). units (set, input, output,

tie point, etc.).teprtrragis-5Ct+70.Tepcfc-
b. UnuLed on some units. tions for each circuit apply throughout the operating
C. +12 volts DC on some

units, e.., Pulse "And" temperature range, and are guaranteed minimum
Gatei specifications. As a result, f the ambient temperature

d. 12-volt common on spcfctosms eut fteamin eprtr
eS0 unts, e.g., DC Logic T-407. is stabilized, the frequency range, loading capability,

etc., of the circuits involved will generally be improved.
0T-Circuits are also available in potted (TE) and circuit-

card (CT) forms as well as with military components
(TM) or military-equivalent components (TA). Deliv-
ery time for these special configurations is determined,

Pin 6: to a great degree, by accessibility of parts. However,
a. 12-volt commo on most EECo maintains a bonded stockroom of MIL parts

units.
b. +12 volts DC on some and long-delivery-time problems are rare. Prices for ,

wits, g., PNP Cileir TM, TA, and TE units must be quoted by the factory.falowr and DC Logic

cL 0 1 connection on someLOL



general information

T-SERIES HARDWARE

@0
POWER CONNECTIONS
Power connections are standardized throughout the
T-Series to the greatest degree consistent with the most
effective use of the number of pins available. For standard
catalog circuits, the following uniform pin connections
are used to simplify buss wiring of sockets:

1. In all cases, without exception: T-906 T-Series container parts include 13-pin header and
Pin 1 = -12 volts DC two discs. Also available with three discs as T-908.

2. In most cases, with typical exceptions as noted: (Patent 2986675)
Pin 6 = 12 volt common T-904 T-Series container is identical with T-906 (shown
EXCEPTIONS: above), but is supplied with 9-pin header. (Patent 2986675)

PNP emitter followers and DC Logic units T-937 Socket, 14-pin, with
require both a +12 volt DC and a -12 pin 10 plued for keyway
volt DC supply in contrast to other units, orientation. Mates with T-906,

T-908, or any 13-pin T-Series
which require -12 volts DC only. On unit. These sockets are sup-
these units: plied with the appropriate T-

Pin 6 = +12 volts DC Series units at no charge.
T-910 9-pin sockets are net

(Examples: PNP emitter followers T-111, supplied with 9-pin T-Serles
T-112, and T-113; DC Logic units T-404, units because these are stan-
T-405, T-406, and T-407.) drd tube sockets and usually

already carried in customers'
3. In some cases: shelf stocks.

Pin 5 = +12 volts DC
(Example: Pulse "And" Gate T-410A.)

T-SERIES HARDWARE
Blank T-Series containers, as well as accessory
hardware for companion equipment, are available in
limited quantities for prototype development or for
"one-of-a-kind" circuits. A complete listing of available

hardware may be found in the price list. 2.4375" 2.1875"
Max. Max.

PART NUMBERING SYSTEM oaVh..
T-Series part numbers are coded. according to number of
connector pins and circuit function. All catalog units have
3-digit part numbers; 4- and 5-digit numbers are used End view of typical
only for special and custom units. The numbering system 9-pin T-Series unit.
for T-Series units is as follows: Mates with standard9-pin miniature novel

Max Oper socket. Standard min-
Number Socket Circuit Type Freq lature tube hold down

hardware mny be used.

T-100 9-pin Active 250 Kc hw m
T-300 9-pin Active & Logic I Mc End view of typical 13-pin
T-400 9-pin Logic 250 Kc T-Series unit. Mates with
T-600 13-pin Active & Logic 250 Kc C D standard 14-pin miniature

320.875" asocket with pin 10 blanked
T-800 13-pin Active & Logic 1 Mc -7 for keyway orientation (EECo
T-900 - Hardware Part No. T-937). Standardminiature tube hold down

hardware may be used.

OUTLINE DRAWINGS AA



DIGITAL SYSTEMS BREADBOARD KIT
The EECo Breadboard Kit for use with plug-in circuits is

T-SERIES DESIGN PHILOSOPHY a powerful systems-design tool for the engineer, and also
EECo T-Series circuits are designed to accommodate is valuable as a training and educational aid. The bread-
"worst case" situations where each component can deviate board panels have the necessary permanent wiring to
to the limit of its tolerance in the "worst" direction and at accommodate any regular circuit and all other circuit
extremes of temperature. The circuits are tested at the interconnections are made by patch cords or plugs. There-
temperature extremes both in breadboard and final evalua- fore, no soldering is needed, and experimental arrange-
tion states to assure that all specifications are met. ments of T-Series units can be quickly set up, changed, or

The use of --12 volts was a matter of decision and com- taken down without waste of time or materials.

promise. These power levels were selected because of the The breadboarding system is designed around plastic
following advantages: circuit cards with circuit symbols showing input and out-

A good safety factor for the breakdown voltages of put connections, power connections, part number, appli-

the transistors used. cation notes, etc. These cards fit on the panel below sockets

A good compromise between high voltage and good for the plug-in units, and match a pattern of banana

signal level, resulting in a good signal-to-noise ratio. jacks that are permanently wired to pins on the sockets.

The low end of aircraft 28 volt supply tolerance is Holes in the circuit cards expose the appropriate socket

24 volts (which is easily separable to ±t12 volts). Our pin connections. Power connections are made by shorting

units will work on -- 14 volts with only slight changes plugs, which also align the cards with the jack pattern

in specifications. and hold the cards in place. Signal connections are made
The units can work from standard automobile or by patching card-to-card in the circuit line-up being tried.
marine battery voltages. All T-Series units with pin 1 used for -12 volts, whether

9-pin, 13-pin, or special units, can be used on the

"True" and "false" levels of -3VDC and -1lVDC re- breadboard panels.

spectively were selected in order to keep the number of
power supply voltages requircd to a minimum. With these -

levels, it wats possible to design many circuits requiring :0 ?
only one power supply. If one level were to be clamped go o V-o o R AoO,.. -
at 0 volts, more elaborate circuitry would have been . , .:
necessary and another design philosophy - circuit sim- "
plicity - would have been violated. ...

As with most engineering decisions, there are pros and ..
cons regarding use of saturated vs. unsaturated techniques -6
in the design of our units. First, the major disadvantage
of saturated operation is that charge (minority carriers) is
stored in the base region of the transistor during satura-
tion and these minority carriers must be removed before
the transistor can come out of saturation. This takes time
and makes saturated operation more difficult at the higher
frequencies. The stored base charge rating of the tran- LOANER POLICY
sistor then becomes a critical parameter. However, ad- We are prepared to loan you, without obligation, a reas-
vantages of saturated operation are: onable quantity of EECo plug-in units for a 30-day

Simplicity of circuit design. trial period.

Well defined voltage levels. In order to obtain merchandise on a 30-day loan, send

Fewer parts required than in non-saturating circuits. us a purchase order for the required units with a notation
on the purchase order that the units are being ordered on

Lower transistor dissipation when conducting. a 30-day loan basis. The merchandise will be shipped to
Immunity to short stray voltage signals. you with our regular invoice; terms are net 30 days from
Less dependance on transistor parameters. date of invoice. When you return the material, please

For these reasons, most of our T-Series circuits are return one copy of our invoice with the material and your
designed for saturated operation. account will be credited. You will be charged only for

repair of damage to the units caused by misuse, neglect,
accident, or improper installation or application. (See our
Warranty in the Price List section of this catalog.)

LI



EECo CT-Series Digital Circuit Card Modules
EECo's CT-Series is a fully compatible family of

germanium transistor digital circuit modules on epoxy
circuit cards. Every CT circuit is doubly-proved. First, - A
CT circuits are basically card mounted versions of " '

EECo's famous, time-proved, container-enclosed T- 41' "..*
Series circuits. Second, the specific circuits selected for
the CT family have proved most efficient in T-Series -

applications. Specifications for CT modules are identi- &

cal to the corresponding T-Series modules (See Equiv-
alent List below) except the CT-Series Operating
Temperature range is -20 0 C to +50 0 C, and the
power requirements are a multiple of the number of
circuits per card. -K
CT circuits are wired with 2-mil copper bonded to 't

etched 4-1/2" x 5" x 1/16" epoxy cards. Standard
connectors are tin-plated, with optional Varicon, gold-
plated, and rhodium-plated connectors available if
specified. Card files, guides, connectors, and other
hardware available for this series are described under CT # T-SERIES EMUIVALENTS
"Hardware." CT-lol-3 Three T-IO1B RST Flip-Flops

CT-102A-4 Four T-102A T Flip-FlopsCT NUMBERING SYSTEM CT-i 04-2 Two T-104 Multivibrators
A CT circuit number is the same as the number of its CT-1 09-4 Four T-109 Reset Generators
T-Series equivalent. A figure is appended to this figure CT-1 06-4 Four T-106 Squaring Amplifiers
to indicate the number of "T" circuits on the CT-card. No CT-ill-U Nine T-111 P E Followers
additional letter is needed for cards with standard tin- CT-i 4-9 Nine T-114 NPN Emitter Follors
plated connectors. A letter is added to indicate other CT-134-4 Four T-134 Relay an Indicator Drivers
connectors: CT-136-4 Four T-136 Inverters

V=Varicon CT-162-4 Four T-162 RS Flip-Flops
G=cold-plated CT-163-3 Three T-163 DC Drivers
R=Rhodlum-plated CT-165-4 Four T-165 Capacity Drivers

Example: CT-166-4 Four T-166 One-Shot Multivibrators

original T-Series circuit CT-302-2 Two T-302 Capacity Drivers
CT-3044 Four T-304 Comlementary Emitter Followers

number of "T" circuits on card CT-306-2 Two T-306 Squaring Amplifiers
I IlI type connectors CT-3074 Four T-307 Dual Complementary Emitter Followers

CT- 31V CT421A4 Four T421A Exclusive-OR Gates
CT-4304 Four T430 Pulse Mixer Amplifim

CT-Series modules can be used with card files, card CT448-2 Two T-448 Dual Pulse "Anr' Gates

drawers, and other hardware suitable for the 4-1/2" x CT40-3 Three T-W05 Shift ReIster Flip-Flops
5" x 1/16" cards. The hardware shown in the hard- CT406-2 Two T06 Shift Reister ip-Filops

CT-641-2 Two T-641 Dual DCTL "And" Gates
ware section of this catalog is specifically recoi- CT442-2 Two T-42 Dual DCTL "Or" Gates
mended and can be ordered from EECo, using the CT445-2 Two T-645 DCTL "NOR" Gats
"H part numbers listed in the Price List section of CT450-2 Two T-50 Dual DCII "Ad Gates
this catalog. For the convenience of companies sup- CT41-2 Two T451 Dual DCTL "Or" Gates
plied directly by the manufacturer, the manufacturers' CT401-2 Two T-80 Flip-Flops
part numbers are shown (in parenthesis). CT402-2 Two T-802 Dual DCTL "And" Gotes

CT405-2 Two T-805 Dual "Exclusive-OR" Gates



I i loading.__
8----wtz, class AB

A 12 5 K c
LOADING INFORMATION
Individual unit specifications list input load character- Kc
istics in terms of arbitrary units, and output drive
capabilities in terms of reference curves. This section
of the catalog contains these reference curves, an
explanation of how to use them, and other significant 0 400 8W 1200 100 2000
information to assist the digital system designer. An
important point to remember is that these curves were
generated for various typical operating frequencies so
with units operating at room temperature and with class AB type II
system power at 12 volts. Some derating is necessary 60
at extremes of temperature or if system power varies
over the specified tolerance. 45 S1 . pulss a aeae

All T-Series circuits, depending on type of output, have A
one of three types of drive characteristic; All, CD, or EF. 30
All units with PNP-common-emitter output stages exhibit 5 .puses applied alternaly "
Al drive characteristics; units with PNP-emitter-follower to ItandS inp"s
output stages have CD drive characteristics; and, T-Series 15 --
units with NPN-emitter-followver output stages have EF
output drive characteristics. 3
Similarly. T-Series units have three sets of input load char- 0 300 6W 900 1200 1500 I80
acteristics; A & li. C & D, and E & F. '. .:
tteristic" to b 1 e( I IIt'{ I at sll.l ,tt III .tjplli(.Aii (h c li* d,

on thc ixt hte dhi.'rac 'riti( (Lis , ofthe, (mir i wif,id at, ,i

drii ur. AB drivers will "see" A and B input characteristics;
CD drivers will "see" C and D, etc. If a given type All
driver is to drive a variety of other circuits, then all the
A input characteristics of the driven circuits should be class AB type Ill

added algebraically and all the B characteristics of the
driven circuits should, similarly, be addeil algebraically. 60 - , .

The10 tAw. pulses appli WsThe total A's and B's are then located on the erence w ithiancurve for the driver and, if the AB coordinates are within toAolsipt

the maximum shown on the chart, the driver will drive 40 A

the circuits. 5 /ts. pulses applied

For example, consider the case where a T-101B flip-flop alternatelytoludShpm b
being triggered at 250Kc is to trigger four other T-101B 20
flip-flops. Since the T-IOLB, in a T mode of operation, is
an AB type I driver, the A and B input characteristics of L
the driven circuits must be summed. A= 10 and B=100 4 "W 1200 16 2W 24
for a single T-16"B flip-flop, hence four T-101B's repre-
sent a total A load of 40 and a total B load of 400. Appli-
cation of these All values as coordinates to the drive char-
acteristic curve Ali Type I reveals that a T-LOIB being 360
triggered at 250Kc can reliably trigger four other T-101B's. class CD type IV

30

20
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50 Kc to 250 Kc
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loading jiUSE OF EMITTER FOLLOWERS USE OF RESET GENERATORS la ig *
Fmitter followers ire used to increase the load-driving Reset Generator T-109 is used for direct set (when this
capability of the d,'ive ulit or to provide better circuit terminal is available) or direct reset of flip-flops. With a
isolation betw5'een the drive unit and the load unit. PNP nominal --3V DC applied at the input of the T-109, the
emitter followers such as T-111 are generally used to output of the T-109 is approximately 0VDC; the level
drive DC logic or other resistive loads. When driving used for resetting. When a T-109 is connected to direct
capacitative loads (oie that has -1 capacitor in series with reset inputs of flip-flops and -3VDC is applied to the
its input and therefore requires a pulse to drive it) with T-109, pin-8 outputs of the flip-flops will be held at
PNP emitter followers, connect a 5.6K)C resistor from the -3VDC. However, if trigger pulses are applied to the
output of the emitter follower to the +12 volt supply. flip-flops while they are being held reset, pulses may
This is done to lower the output impedance of the emitter appear at the pin-7 outputs and detrimentally trigger
follower for positive-going signals and, thus, increase its subsequent circuits.
driving ability for positive pulses. When T-109 is used to reset flip-flops at direct base inputs,
NPN emitter followers such as T-114 are generally used an external diode must be used to isolate the relatively
to drive capacitative loads because they have a minimum low output impedance of the T-109 from the unit being
output impedance for positive pulses or positive-going reset at times other than "reset time." Connect the cathode
signals. They are also good for driving control inputs of of the diode to the base input and the anode of the diode
Pulse "And'; gates and control inputs of Shift Registers to the T-109 output. This diode is internal on units which
and Gated flip-flops. have direct reset inputs.
Use of an emitter follower will increase the load-driving If the direct reset input is used in addition to the AC reset
capability of a given driver by a factor of 2 to 2.5. Of input, then it is necessary to use an isolating diode between
course this does not apply if the driver already has an the T-109 output and the AC reset of these units. Other-
integral emitter follower. vise, a pulse at the AC reset input will "see" a low-

impedance path through the T-109 and not trigger the
EXAMPLES: flip-flop properly.

Frequency Drive Unit Emitter Permissible
Follower Load T-109 JAC RESET

250Kc T-10113 NONE 4 T-102A
250Kc T-10113 T-114 8 to 10 T-102A DIRECT DIRECT DIRECT
250Kc T-104 NONE 2 T-106 RESET RESET BASE

(Direct Input) 9'INPUT
250Kc T-104 T-111 4 T-106

(Direct Input)

One note of caution: When the emitter follower being Reset Generator T-129 is designed to reset N-Series
driven is, in turn, used to drive DC logic or control inputs Decade Counters; a -3VDC input to T-129 causes ap-
of pulse logic, lighter loading is most desirable so that the proximately -4'DC out of the T-129. This -4VDC is
driving circuit otput levels will not be detrimentally the level used for resetting N-Series units.
lowered in amplitude. Consider, for example, the case
where a heavily loaded unit with a 6 volt output and a
lightly-loaded unit with an 8 volt output are both con- CAUTION
nected into the same logic circuit. In this case, it is possible When resetting less than 3 decades or less than 10
to get an undesired 2 volt pedestal which may trigger flip-flops, connect a 1KfQ resistor in series with the
succeeding circuits, output of the T-129. This resistor is necessary to
Input circuit differentiation can be accomplished in a limit the reset current for light loads.
conventional fashion with a series capacitor and a resistor
returned to a bias of proper value to establish the quiescent T-129 can also be used to reset flip-flops which have direct
output voltage. When this is done, care should be taken base inputs. In this case, connect a diode between the out-
to keep operating conditions within the maximum signal put of the T-129 and the base input of the flip-flop with
amplitude allowed, the cathode of the diode connected to the T-129 (this

diode is internal in the decades). Now, a -3VDC input

LOADS ON BOTH OUTPUTS OF FLIP-FLOPS to the Reset Generator causes the pin-7 output of the
flip-flop(s) to be held at -3VDC. (Note that this is the

lwhen the drive nit is a flip-flop without an emitter opposite of what happens when T-109 is used.) Oncefollower built in on the output, the drive capability shown again, if trigger pulses are applied to the flip-flop(s) while

on the drive characteristic curve is the total combined load are hl reset pulses ay result t the p-flop ut
they are held reset, pulses may result at the pin-8 output

that can be driven by both outputs of the flip-flop. This and detrimentally trigger succeeding circuits. T-129 will
total load can also be driven by either output singly. hold N-Series decades reset even with pulses going into

the trigger input of the decade but, if the decade has code
USE OF PULSE "AND" GATES outputs, the first stage output will show effects similar to
Pulse "And" Gates such as T-410A and T-630 are not those experienced with T-Series units.
recommended as loads for CD drivers because of rise-time
deterioration. Additionally, due to low output amplitudes, 7
Pulse "And" Gates are poor driving units and should be
used to drive flip-flops only. These flip-flops will then, IN-SERItsl N-SERItS
in turn, have only half of their normal driving ability. For DIRECT 8 DECADE DECADEexample, the usual permissible load for a T-1OIB is BNPUt

4 T-102A's but, when the T-1011 is driven by a T-410A,
the driving ability of the T-101B is reduced to 2 T-102A's;
one-half its normal driving ability. T-129



symbols
BISTABLE ELEMENTS - Flip-flops are symbolized as
shown below. The two circles represent the two active
circuit elements. The various inputs enter the symbol in a
manner which represents how they affect the circuit. For A
example, an 8-volt positive-going pulse or voltage step
applied to pin 12 resets the flip-flop; the "1" output (pin 8)
rises to -3 volts and the "0" output (pin 7) falls to -11
volts. Once the flip-flop is in a reset state, any further
reset inputs do not affect the flip-flop. An 8-volt positive-
going pulse or voltage step applied to pin 3 sets the flip-
flop; the "1" output falls to -11 volts and the "0" output
rises to -3 volts. Positive pulses or voltage steps applied
to the trigger input (pin 2) cause the pin-7 and pin-8
outputs to change level; if the flip-flop is in a set state, a
pulse at pin 2 resets the circuit; if the flip-flop is in a reset
state, a pulse at pin 2 sets the circuit.

DC RESET BASERESET INPUT
1 i 13

7 "0'

OUTPUT

TRIGGER

OUTPUT
4 5
D3 ED BASE

SET INPUT
t SET

NOTE: Throughout this book, where input signals are
identified as "pulse," the signals can be replaced by
voltage steps when the input terminal is AC-coupled. In

C I Sother words, AC-coupled inputs will generally differ-
entiate the input signal.

If a given flip-flop has a direct-coupled input, the input
Our system of circuit symbols is designed to provide lines are slanted from the left side of the symbol as shown d
rapid identification of circuit functions; to show direc- at pin 4 (d-c set) and pin 11 (d-c reset). If a given flip-flop 1
tion of signal flow; and to accommodate combinations has an input connection direct to the base of one of the

of circuit symbols in a logical manner for purposes of flip-flop transistors, the input lines are slanted from the

indicating internal gating, gradations of drive ability, right to the symbol as shown at pins 5 and 13.

etc. Use of these symbols will give a full measure of MONOSTABLE ELEMENTS - One-Shots and Squaring
benefits: Amplifiers are symbolized as shown. The two circles again

1. Engineering sketches made with these symbols represent the two active circuit elements but only one line

are essentially equipment schematics, so de- joins the circles. In the case of the one-shot, an external

sign changes are simplified and final drafting capacitor connection is required and is thus shown in
dotted lines. The two one-shot outputs are identified in

is materially speeded up. terms of their untriggered state. That is, the pin-8 ouput

2. Technicians familiar with these symbols can rests at -3 volts and the pin-7 output rests at -11 volts.

expedite their construction and repair work. When a trigger pulse is applied at either pin 4 (a-c trigger)

3. Draftsmen using these symbols can produce or pin 5 (d-c trigger), the pin-8 output falls to -11 volts

final drawings at reduced cost. (Symbol tem- and the pin-7 output rises to -3 volts for a period of time
equal to the RC time constant of the circuit. At the end of

plates are available as a further drafting aid.) this time, both outputs return to their quiescent level.

The following paragraphs define the symbols used in ,__ ?ouIESCrNT
literature and drawings produced by the Engineered .L J'.. 0, OUTPUT

Electronics Company. Signal connections to each sym- ,.o .

bol are numbered to correspond with pin connections 3 a UISCNT

on the module. Internal connections can be deter- 4r ", OUTPUT

mined, if desired, by reference to specification sheets TRIGGER AC TRIGGER

in the catalog. Specification sheets are quickly located

by referring to circuit symbols and circuit numbers The squaring amplifier is a modified Schmitt trigger circuit

printed next to the circuit schematic. which remains in one output state until the input exceeds
a trigger level. When this level is exceeded, the circuit
rapidly switches to a second output state and remains in
this second state until the input voltage falls below the
trigger level. Two opposite-state outputs (pin 7 and pin 8)
are generated. When the circuit is in an untriggered state,



symbols lu

SNOIRMAL

BIN OUTPUT Note that a discrimination is made between d-c gates and

pulse gates. The letters DC and P are used to designate
the pin-8 output rests at -11 volts and tile pin-7 output the two types of gate and, in addition, control inputs to
rests at -3 volts. When the circuit is triggered by a a pulse "and" gate do not have any arrowheads.
positive-going voltage, the pin-8 output rises to -3 volts
and the pin-7 output falls to -11 volts. The small open
circle at output pin 7 represents the fact that this output COMBINED SYMBOLS - If a circuit module consists of
is essentially an inversion of the pin 2 or pin 4 input. An a combination of basic circuits, the basic symbols are
external bias voltage applied at pin 5 can be used to con- synthesized to show this combination. For example, a
trol the threshold level at which the circuit is triggered gated flip-flop containing 4 integral pulse "and" gates is
and is thus shown iii dotted lines. shown below. These gates are represented by a box en-

closing the affected element of the flip-flop. The circuit
AMPLIFIERS AND INVERTERS - Amplifiers and In- shown is useful as one element of a shift register where
verters are represented by equilateral triangles pointed in parallel-form data is gated into the register by transfer
the direction of signal flow. The exact function of any pulses at pins 11 and 12. If a chain of these flip-flops is
given device is indicated by markings within the triangle, used, data from one element can be serially shifted to the
For example, AC indicates an a-c amplifier, P indicates a next element in the register by shift pulses applied at pin 4.
pulse amplifier, NOT indicat, s a logic inverter, etc.

PARALLEL 'T' TRANSFER

INPUT 3--.[ UT UTPUT SERIAL "" 7 "0" OUTPUT

SHIFT 4- NoUU 
I 

2 
'I O

OUTPUT SERIAL "0"
-14 12

Where applicable, inversion is indicated by I. snall circle PARALLEL 'o TRANSFER

superimposed over the output as shown with the logic
inverter symbol.

Another example of combined circuit symbols is the con-
vention used for pulse mixer amplifiers, NOR circuits,

EMITTER FOLLOWERS - NPN and PNP emitter fol- pulse "and" gates which contain amplifiers, and NAND
lowers are represented as shown in (a) below. Note that no circuits. The amplifier symbol is used to represent ampli-
discrimination is made between the two types. Coinple- fication accomplished by the circuit and the inputs are
mentarv emitter followers, which are a paralleled coin- either terminated at the base of the triangle ("and") or
bination of NPN and PNP transistors, are symbolized as carried into the triangle ("or") in a manner similar to that
shown in (b). used for logic elements. In the case of NOR (not "or") and

NAND (not "and") circuits, an open circle is superimposed
INPUT on the output to represent logic inversion occurring in

OUTPUT the circuit.

(a) TRIGER

(a) TRINPUTS ')-37 IPUT S:r> TU

INPU ~ ,I OUTPUT IPT :r OUTPUT OTU

O,* OUTPUT (a) PULSE MIXER (b) NOR CIRCUIT

(b) AMPLIFIER

Frequently emitter followers are incorporated as an in- CONTROLI{ INPUTS
tegral part of a circuit module in order to provide greater PULSE O .--,,o OUTPUT
drive capability. In this case, the emitter follower symbol (c) PULSE "AND" 1d) NAND CIRCUIT

is combined with the particular circuit symbol in question.
A flip-flop with integral emitter follower outputs is
shown in (c) above. POWER CONNECTIONS - Power connections are not

shown on the circuit symbols. These connections are elim-
LOGIC ELEMENTS - "Or" and "and" gates are repre- inated for purposes of clarity and simplicity, but may be
sented by a semi-ellipse. Input signal lines terminate at quickly checked by reference to the specification sheets.
the major axis of the ellipse to represent an "and" gate and In order to simplify bus-wiring of sockets, uniform pin
are carried into the symbol terminating at toe convex side connections are used as previously described, wherever prac-
to represent an "or" gate. Output lines contact the center ticable. However, the number of pins required for signal
of the convex side. connections varies considerably from unit to unit and, in

some cases, the circuit design makes it impossible to re-
INPUT I jINPUT I serve pin connections for power. CHECK SCHEMATICS
INPUT I-F T INPUT 2

UTP OU- PT BEFORE WIRING SOCKETS TO AVOID ERRORS
NPUT AND POSSIBLE DAMAGE TO UNITS.

II AI



U T-Series and CT-Series plug-in transistor digital circuit modules

i circuit data section
This section contains four specific types of data
for each circuit: general description, table of
specifications, schematic drawing and symbol.

Units are grouped by circuit type and function
and groups are in alphabetical sequence. Lo-
cation and/or comparison of specific units can
be made by the most expedient route for the
immediate need: the Table of Contents, which
begins on pagte 2, is arranged according to cir-
cuit function and lists key circuit data, such as
speed and number of inputs for the Logic
Circuits, voltage characteristics for the Relay
Drivers, etc. A Cross Index by module number
appears on page 4. Finally, the section itself is Staring
arranged in alphabetical sequence: Page

A m plifiers ............................................... 19
Arithmetic Circuits ................................ 25
Drivers ............................ 27
Em itter Followers .................................. 32
F lip -F lops ............................................... 34
Inverters ................................................. 42
Logic C ircuits ...................................... 44
M ultivibrators ........................................ 57
O scillators ................................................ 59
Reset Generator 6..................................... 63
Voltage Regulator ............................ 64
B ias Supply ..................................... ...... 64

€, SPEC IFIC~rl,4

U , CAIIA.'l ,L



INPUT 4  T-106 DESCRIPTION

5 7 INVERTED These units are basically modified Schmitt Trigger circuits
OUTPUT which remain in a given output state until the inputs ex-

R ceed a trigger level. At this time, the circuits rapidly switch
8. Oto a second output state and remain in this second state
8 NORMAL until the input signal returns below the trigger level. The

EB OUTPUT trigger level is adjustable by means of a bias voltage ap-
plied to pin 5 of T-106 and T-306 and to pin 3 of T-312.
For example, in a system using our standard signal levels

(1.) R - (Ei 2.5) 10 of -3 and -11 volts, a threshold of -6.5VDC can be
E;, 2.5 established for T-106 by connecting a 47KSZ resistor from

(2.) E, - (Ei 2) 10 - 2 pin 5 to +12VDC.

R These circuits are typically used for such purposes as
waveform restoration, signal level shifting, "Not" circuits,

T- 106 squaring sinusoidal or nonrectangular inputs, pulse am-
ONLY (3.) E, (E,, - 3) 10 5 plification and DC level detecting (although they are not

R as sensitive as T-172 for this latter application).

(4.) When bias supply voltage is posi- SIGNAL LEVEL SHIFTING
live. the following must he true: Squaring Amplifiers T-106 (0 to 250 Kc), T-306 (0 to 5
1.5 > (E,: 9) Me) and '[-312 (0 to I Mc) can be used to convert other

R system signal levels to T-Series voltage levels by apply-
INPUT ing a suitable bias voltage. This bias voltage adjusts the

threshold level of the amplifier to adapt it for use with
4 input signals having minimum amplitudes equal to or

T-306 greater than the amplitudes called out in unit specifi-
cations.

R If an input signal is more positive than the most positive
8 level called out and more negative than the most negative

OUTPUT level called out, a bias voltage is not required and the units
EB operate around their normal threshold levels. If, however,

the input signal excursion does not fall within these limits,
a bias voltage is used to select a convenient threshold

(5.) R = -(E, + 3) 10 level. This level should be approximately 1 volt more
E, + 6 positive than the mid-point of the input signal for maxi-

(6.) E, = -(Es + 3) 10 mum reliability and noise rejection. If the threshold level
T-306 R 3.5 is to be more negative than -2.5 volts, use a +12-volt
ONLY bias supply (E); if the level is to be more positive than

-2.5 volts, use a -12-volt bias supply voltage.
(7.) E, = -(Ea + 3) 10 -8.5 The relationships between bias resistance R (in K12), bias

R supply voltage EB (in volts), and maximum and minimum
input excursions (in volts) are listed in equations (1)
through (10) . . . Equations (1) through (4) apply when

INPUT T-106 is used, equations (5) through (7) apply when T-306
4 is used, and equations (8) through (10) apply when T-312

3 T-312 is used.

8 OUTPUT

S t. . -.- . - -E 

(8.) R = -(En 4- 3) 66 El Minimum most-positive excursion of input signal.
6E, -+-00 E Minimum most-negative excursion of input signal.(9.) E,: -- (En-+-2) 11

-E) -3 E Threshold LevelT-312 R

ONLY

(10.) E, -- (E +3) 11 --7
R



Converting Small Input Signals.
The following paragraphs illustrate two examples of level The same method is used to select bias resistance when
conversion using Squaring Amplifier T-106. small input signals are applied, however, the value of R

becomes more critical. For example, assume an input signal
Converting Large Input Signals. which shifts from -15 volts to -10 volts.
If the input signal has a 20-volt swing or greater, a clamp- _
ing diode or resistor voltage divider should be used as - 1ovshown. ....... .I....... THRESHOLD LEVEL (E)

-15 V E.

DIODE CLAMP
Select a threshold level of -1 !-5 volts (1 volt more posi-

Current Limiting tive than the -12.5 volt midpoint of the input signal).+lOOV Resistor Since the threshold level is more negative than -2.5 volts,
4V 4 a +12-volt bias voltage should be used as E,. Use equa-

5 tion (1) to determine the value of bias resistance required.

+12V R (E,, + 2.5) 10 - (+12 + 2.5) 10
+12V 5 + 2.5 -11.5 2.5

RESISTOR DIVIDER* E4 =16 Kii (Use 15 K resistor)

Using equations (2) and (3), check to assure that the signal
+lOOV" "' 50K excursion is great enough to trigger the T-106.

5 E (E.+2)10 -2- (12+2)10 _ 2
1EK R 15

= -11.3 volts
*Note: Input impedance of R

T-106 is approximately E (Es+3) 10 _ - (12+3)10 -5
15K-ohm to ground. R 15

- 15 volts
ER Since the bhias supply is positive, check to see if

In the sample shown, the signal into the T-106 will be Ei; - 9
approximately 0 volts to +10 volts and a threshold level R < 1.5
of +6 volts should be selected. Since the threshold level _1

is more positive than -2.5 volts, a -12-volt bias voltage 12 -9 < 1.5
should be used. 15
To find the bias resistance (R) required to obtain a thresh- 0.2 < 1.5
old of +6 volts, use equation (1):

R=- (Eu,+ 2.5) 10 =_ (-12+2.5) 10
E, + 2.5 6+225-

4
= 11 Kn. (Use 12 K resistor)

57
Check to assure that the signal has enough swing to trigger
the T-106. The input signal must swing more positive than
El and more negative than E2.

E- E +2) 10 2- (-12 + 2) 10 ___ SYMIOL

E. R - 12 2SMO

+6.3 volts I -12V

E.- (En+ 3) 10 -5- (-12+ 3) 10 -- R-
R 12 0

+ +2.5 volts
AclMM C3 15 165

Thus, the signal to the T-106 must shift at least from +2.5 V. C4 CS 08 Rt,
volts to +6.3 volts. Since the signal applied swings from :_
0 v to +10 v, there is more than enough to trigger the
T-106. Q)



SQUARING AMPLIFIERS T-106 T-306 T-312

INPUT

SIGNAL FREQUENCY RANGE 0Oto 500Kcftt 0to 5Mc Oto I Mc
MIN. AMPLITUDE TO CHANGE OUTPUT

(level shift) 3V*' (-2V to -5V) 5V (-48.5V to -3.5V) 4V (-7V to -3V)
RISE AND FALL TIMES REQUIRED 2 m sec max. 2 m sac max. 0.05,usec min.

0.3 Aisec max.
INPUT LOAD CHARACTERISTICS:

A,U8 50,400 Pin 3: 65,O0 Pin2: 0,400
Pin 4: 40, 100 Pin 4: 50, 400

C, D 10,100 Pins 3& 4: 5, 25 Pin 2: 0, 100
Pin 4: 10, 100

I, F 50,400 Pin 3: 65,O0 Pin2: 0,400
Pin 4: 40, 100 Pin 4: 50, 400

SIGNAL FREQUENCY RANGE 50 to500Kcf ttt 100Kc to 5Mc t 250Kc tolI Mc
TRIGGER AMPLITUDE:

Minimum 4V P-P 4.5V P-P 3V P-P
Nominal 5V P-P 6V P-P 6V P-P
Maximum 12V P-P 12V P-P 10V P-P

RISE AND FALL TIMES REQUIRED: t 50.05 #sec min.
1.0, M50 max.

INPUT LOAD CHARACTERISTICS:
A. 9 50,400 (Pin 2) 35, 0 50,400
C, D 10,100 (Pin 2) 5.25 10,100
E,.F 50,400 (Pin 2) 35, 0 50,400

OUTPUT
AMPLITUDE (level shift) 8V (-I11 to -3V) 8V (-11 (+0.5 or -1.0) to 8V (-II (-t 1.0) to

-3 (+0.3 or -1.0) V) -3 (±10) V)
RISE TIME (under typical load) Pin 8: 0.6 psec 6 to 40 nsec 0.2 psec max.

Pin 7: 0.8 psec
LOAD DRIVE CHARACTERISTICS AB type XIV CD type XX AB type X

POWER REQUIRED
-12 VDC ± 10% 5.0ma 18 mamax. 16 memax.

OPERATING TEMIPERATURE RANGE -45 to ±65 C -55 to +71 C -55 to +711C

*For 8V level shift from -11 to -3V, connect external 47 K11 resistor from Pin 5 to +12V supply.
t For sine-wave inputs at frequencies lower than 50 Kc, add external capacitor between pins 2 & 3 as follows:
$ Low-frequency range can be extended by connecting external capaci- Fraq. Capac.

tor between pins 2 & 3. 1 to5 Kc 0.1 ufl
ft Operating frequency may be extended to I Mc with 6V P-P sine- 5 to 25 K 0.022 if

wave input and emitter- follower buffering on output. 25 to 50 Kc 0.0047 uf

OIA 4 2 -2

26QT

C2CeSYMBOL SYMBOL AC uNM C2 c

EXT. 0-1- C2-5
C3 Q T6[ .Col0 'C m C5 3

N_ 0 1* oi 
1



DESCRIPTION
T-108 is a linear amplifier %%liiel can be used to amplify use of RF techniques ini external wiring is mandatory. For
low-level input signals to at level usable byv f-Series cir- examnpl, input and Output leads should be either shielded
cuits. Inputs can be sine waves. square waves, pulses, or oi widely separated from one another and as short as
other complex wave formns, provided the frequency corn- possible; power supply leads should be as short as possi-
ponents of the signal are within the response range of the Mie and high-frequency by-passed where necessary; ground
amnplifier. Input sources incelude voltage p~ick-tips, low%-level return should be carefully selected to reduce ground loops
transducers, etc. Chart I illustrates the basic input imiped- to a minimum. Pin 9 should be jumpered to pin 6 by a
aiice limits of T-108. short piece of straight buiss wire directly across the bottom

of the socket, [he best grounding scheme is to use pin 6
for power supply and input signal ground and pin 9 for

-T108 LINEAR AMPLIFIER output signal ground.

T- --. I, N-0 VIEIM FE

I-Input Im~pedance Limits (Pon &3) sFeum

t 14~_____

NOE: 2 NOT ffof 0 p .o.e .onoo
nnde ol ooniton ontme oin no .-tin

Chart I - Input Imnpedanc~e Limits of T-108 10eps '0 cps IK lOKi 1s Imo 10m,

Three fixed gain settmings are selectal tby I n iipring p~ins rl5m

these gains are X10, X45, and X90 rspecively. If no Chart III - Input Impedance Limits of T-305
jumper is connectedl gatin of \l0 is realized. (is of
X45 and X90 are it ilizd %%he it juimper is connected Three fixed gain settings are also selectamble for T-305 by
from pin :3 to pin 5 iii the former c-ase, and from pin 3 to juiperng pills; these gaiiis are X1O, X31.6, kind X100.
pin 7 in the latter ease. Improved low-frequency response W~hen no jumper is connected, a gain of 10 is realized.
can be achieved by coupling inputs via a large capacitor to Gainis of 31.6 and 100 are realized when a jumper is con-
the pin -- input and coiniecting a large by pass capacitor nected from pin 4 to pin 7 in the former case and from
from pin 3 to pinl 6. Chart 11 illuistrates typical frequency pin 4 to pin 5 in the latter case. Chart IV presents typical
response curves for T-108. response curves for T-305 at these three gain settings.

T-T-1 ; TI I i . -0
Gam_ v.F30u VIDEO AM~lIFIER

LGain Lint -3) vs Frequency
to_ ne. 7 0 bp oot e oo. n

!111 1. i I ill (J e~ 4 to 5) .

so c~o 35b Ale I(NJu mp4o ) .5 Ae
70A 2001. - 3 Ai

4 1e -4 1- - ~- - X

4 XS -- o Lil - -X---

T 1NOTE:Soo e omt ei.olonoo
20 50b oundon Ca,dtWere ootiind In .pendflcto

(0o tO e 0ps 100 cps IKe uKc iUOKc TMe 1OMe

* Equols PWE goin ef oampifern drnslea d equol to its input I WW~oe,

Chart II- Frequency Response of T-108 Chart IV - Frequency Response of T-305
T-305 is also a linear amplifier but, because its frequency T-1 18 is a transistorized Pulse Amplifier used to produce
response extends to lON~c, it is referred to as a video am- standardized positive-going pulses with a sharp rise time.
plifier. Because the iesponse of this amplifier exceeds lMe The input may be of deteriorated shape and low amplitude

and because the output is in phase with the input, careful and can be either a positive-going pulse or voltage step.



T-108 T.305 T.118AMPLIFIERS Linear Ampl Vdn Ampi Pulse AmpI

INPUT
SIGNAL FREQUENCY RANGE 30 cps to 500 Kc 20 cps to 10 Mc 250 Kc max.
AMPLITUDE:

For Unear Operation
(depending on gain) 5 mV to 0.6V 5 mV to 0.6V @ rise times up to 1 sec:

Maximum 12V P-Pt 6V P-P-t 5.5V pulse or step min.
INPUT IMPEDANCE See Chart I See Chart III A - 10, B 100

C 8, D 75
E - 10, F 100

OUTPUT
NOMINAL DC LEVEL -7V -7V -liV
AMPLITUDE (undistorted) 6V P-P max. 6V P-P max. min. 6V P-P pos. pulse
PHASE INVERSION 180 none none
GAIN (See Description) x10, x45, or x90 xlO, x31.6, or xlOO ft
FREQUENCY RESPONSE See Chart II See Chart IV -NA-
RANDOM OUTPUT NOISE 20 mV P-P 50mV P-Pt -NA-
OUTPUT IMPEDANCE 1 K!! nominal 500 0 max (AC coupled) -NA-
LOAD DRIVE CHARACTERISTIC I T-106 1 T-306 or T-312 AB type XIII
RISE TIME -NA- -NA- 0.02 to 0.5 psec
PULSE WIDTH -NA- -NA- 0.5 to 3.5 /isec

POWER REQUIRED
-12 VC - 10% 2.5 ma 15 me 2.5 ma quiescent

10 ma peak
OPERATING TEMPERATURE RANGE -45 to * 65 C -54 to +71°C -45 to - 65 C

Because of maximum voltage rating on input coupling capacitor, input signal levels at Pin 3 must always remain within the
range of 4 to - 45V. For signal levels beyond this range, use input Pin 2 and an external coupling capacitor with an ade-
quate voltage rating. DC voltage at Pin 2 is 4.5V ( -1.OV).

t Large transients can cause temporary blocking of subsequent low-level inputs.
t Gain at X100, input terminated at 1 K.!, Pin 9 grounded.

ft For signals having poor rise time, use Pin 3 input with an externJl capacitor of su.itable size. The cirruit will not respond toCinputs of less than 1.5V amplitude regardless of rise time.

4Q4  
SYMBlOL

INPUT cl C2ls

Q2 R6 ACcr

RI 2t, "
AC~lO as R9RIO :112 "

-- --- 3
CSYMBYMOO

2:1

DIET RIR2 C 9 I

INU(R

QI QA



VOTG Input Signal: When signal is 0. IVDC greater than ref-
crence voltage, the outpuit is n ominally -3VDC;
when signal is 0.1\']D( less than reference voltage,

DESCRIPTION the Ojtplit is 1iioniiially -11 \'DC.

T-172 is a voltage comparator designed to detect DC Minimum Input Level Shift to Cause Full Excursion

voltage levels in the range of -6 volts to +6 volts. Two of Output: 0.05\'DC (Source impedance must be less

inputs are used: a reference voltage'and a voltage to be than 100.l for max. scnsitivity.)
compared with this reference voltagc. When the input Input Load Characteristics:
signal is more positive than the reference voltage, the unit A, B: 50, 0
provides a -3-volt output: when the input signal is more C, D: 25, 200
negative than the rofereice voltage, the unit produces E, F: 50, 0
a -11-volt output. OUTPUT:
T-172 can also be used as a level detector if the reference Amplitude: -3\'DC (:4-1) - signal exceeds reference
voltage input is grounded and a Zener diode and resistor voltage, -11\'DC ('+1) reference exceeds signal
network are used to pre-hias the input to the polarity voltage.
opposite to that of the expected input. \'allies of resistance Rise Time: Less than I usec for an input level shift from
used should be as lo\' as possible because source imped- 0.5VI)C below the reference to 0.5VDC above the
ance will affect the sensitivit\ and temperature stability reference with a rise time of less than 1 usec.
of the unit. Load Drive Characteristics: This is a CD type IX driver.
ELECTRICAL SPECIFICATIONSPOE RQU ED

INPUTPOWER REQUIRED:

Signal Frequency Range: 0 to 10OK. For input fre- -12VDC ±10%: 30 ma maximum

quencies from 100Kc to 250Kc, maximum level shift +12V'DC ±_10%: 6 ma maximum

to cause full excursion of the output is 0.4V (±0.2V Ref. Voltage: typically 0 to ±_6VDC at 0.2 ma maximum
with respect to the reference voltage). OPERATING TEMPERATURE RANGE: -54 to +71"C

()- 12V

RI R2 R3
e e

SYMBOL 6___ ____ Q3 Q4 b

INPUT b c R4 R5

R6 R7 R8 R9 RIO

REF.' VOLT
+12V 4-VTO+V 6CMN



ii
DESCRIPTION A I IC RCUITS
T-424A can be used as either a Half-Adder or a Half-
Subtracter, depending on connection of an external T 4
jumper. Outputs, depending on this jumper connection,
are Sum or Difference (Pin 7) and Carry or Borrow (Pin 8).

Half Adder Mod - The logic equations for a Half
Adder are: T424A

Sum S XT + XY ARITHMETIC CIRCUIT Half adder/subtracter
Carry C - XY INPUT

A Full Adder is formed when a third input, "carry" from SIGNAL FREQUENCY RANGE 0 to 250 Kc
the next lowest significant digit, is added to the sum. SIGL. LEWS (nominal):
Therefore, two Half Adders and an "Or" gate are neces- Binry "1" -3 VDC
sary to make up a Full Adder. (See Truth Tables I Binar"0" -11 VDC
and H1.) RISE TIME 0.1 to 1.0 Asec

TRUTH TABLE I TRUTH TABLE II FALL TIME 0.1 to 2.5 tsec
Half Adder Full Adder INPUT LOAD CHARACTERISTICS:

(X plus Y = S) (X plus Y plus C = S) A 80,0

X 0 1 0 1 X 0 1 0 1 0 1 0 1 C,D 5,25

Y 0 0 11 Y 0 0 1 1 0 0 11 O EF 80,0
OUTPUT

5 0 1 1 0 C 0 0 0 0 1 1 1 1 AMP.ITUDE (nominal) -3 VDC ="",
C 0 0 0 1 S 0 1 1 0 1 0 0 1 -11 VDC "0"

C 0 0 0 1 0 1 1 1 RISE TIME (depending on inputrise & fall time) 0.1 to 1.0 ,sec
Half Subtracter Mode-A Half subtracter provides Dif-

ference (D) and Borrow (B) outputs from two single-digit
inputs (X minus Y). The logic equations for a Half Sub-
tracter are: LOAD DRIVE CARACISTECS CD type IX

Difference D = XY + XY
Borrow B = DY

Full Subtraction is performed when a third input, 'borrow" POWER REQUIRED
from the next lowest significant digit, is subtracted from -12 VC + 10% 8 ma
(X minus Y). Two Half Subtracters and an "Or" gate are +12VDC ±10% 8 ma
necessary to make up a Full Subtracter. (See Truth Tables OP ATIG TEMPERATURE RANGE -54 to + 71 C
III and IV.)

TRUTH TABLE III table continued on next page

Half Subtracter (X minus Y = D)

X 0 1 0 1
Y 0 0 1 1

AO tOlT RI ACT

D 0 10 O 0~SPC

TRUTH TABLE 
IV

Full Subtracter (X minus Y minus B = D)
X 0 1 0 1 0 1 0 1 SYMBOL
Y 0 0 1 1 0 0 1 1 4 l,*Cm
B 0 0 0 0 1 1 1 1 -e

D01 1 0 1 0 0 1B 0 0 1 0 1 0 1 1 iCt

Note that the Sum and Difference equations are exactly
alike; either can be formed by an "Exclusive-Or" gate. Ql 02

Carry and Borrow equations have similar form but differ- 3 C1 6 As Ds X-Y
ent inputs. Either can be performed by an "And" gate if
one of the inputs is connected to X for addition and to D Y Cl

for subtraction. &_- Iq

The time delay between input and output signal excur- &__
sions (measured between half-amplitude points) is 1.5 cR3 R7 :8 C
microseconds maximum for one T-424A, or a total of 2.0 T0-AW".M 2 ,

microseconds maximum for two cascaded T-424A units. P7

In order to determine the maximum possible accumulated q I ; Q3
delay (T in psec) through N cascaded T-424A units, use
one of the following equations: I RIO 04

if N is even: T=N
if N is odd: T=N+0.5

continued on next

pa4e



W
T-441 is a comiplete, Full Adder- in one package. Three

T-628 is basically a code converter intended for tise in inpuits (one each for the addend X, the auigend Y, and at
pairs to convert a 1 -2-4-2 or a 1 -2-4-8 binary-coded- carryN C front the previous digit of low~er significance)
clecinial inIput to a1 10-line decinial output (0-9) for drivi ig cause Sumi and Carry outputs as shownv in Truth Table 11.
relay, drivers. The miatrix is arranged so that emnitter folI- A built-in ainplifier circuit inimfiizes level shift and, thus,

lose ers are not required onl either input or output. Relay elimlinates need for restoring circuits in the carry propa-
Drivers such as T-120, T-121, and T-128 canl be loaded onl gation path of a systemi.
all outputs simutltameonsly. The delay fromi inpunt to carry- ou~tput (pinl 8) is 1.7 usec
NOTE: T-628 cannot be used with the Digital Systemi maximumt~l for one T-441 operating under wvorst-case con-
Breadboard Eqjuipmnent because pinl 9 is wvired to ground ditiomis. Howvever, whien t\\-o or miore T-441I adders are
on the T-927 Systemn Developmnent Panels. cascaded (pinl 8 of one to pinl 4 of the next), the delay is

approximnately N mnicroseconds, where N equtals thle num1--
13cr of T-441 units cascaded. Because of this (lelav, a

INPUT TO NAII DEO OTU characteristic of all logic circuits, the mnaxim-umn frequency
1242 Cob 1.248 $6a wo limit is reduced ats the nuimber of cascaded adders in-

mwhI iloo I 242 1.244 creases according to the eqjuation:
4 4 L q2it Nowax1 (i c

3 1 0 ia
S 2 0

1 2 4 3+ N
2 13 0 6
3 14 8 1

1 6 13 1 7

#I Ria
I N g

CONNECTIONS NECESSARY
FOR CODE CONV'ERSION

table conamnud frows laa pe. T421123j
T.441 Half MMD to decimal3

ARITHMETIC CIRCUITS Full adder ceawefte4r
INPUT

SIGNAL FREQUENCY RANGE 0 to 250 Kc* 0OtolI Kc
SIGNAL LEVEL (nominal):

Blury "1n -3 VDC -11 VDC
Biay "r -11 VDC -3 VDC

RISE TIME 0.1 to 1.0 Msec - NA-
FALL TIME 0.1 to 2.5 Asec - NA- 2
INU LW CWAMCTEWU : 15(

A 50,0 60,0R3 4

C, 0 5,25 140, 0 4 !R2 _--__

I, F 50,0 60,0
OUTPUT

AMPIUIIDIE (nominal) -3 VL)C -: "1", -11 VDC ="I"' CR1 CR? CR CR R I CRI 1 I 1

RISE TIME (depending on Input -1VC ""- D .1

rieII al im)Pin 7: 1.0 /Asec max -KA -
rise falltime)Pin 8: 1.0 psec maxI

or 20 times better than inputI
(whichever is greater) 3) 6 0

LOAD DRYE CHARACTERISTICS CD type IV Each output will drive
one relay driver auch as

T-120, T121, or T-12. 
__________0____POWER REQUIRED *+

-12 VOC ± 10% 24 mat 3.6 ma max. 3 HALF44
+121111C ±19% 13 mat none 5 BCO/D 12

TEPERATN O TURE RAMG -54 to+ +71 C -45 to +65'C 6 13~IX

See equation describing F max in Description.
tExcluding load current.
When connected to a driver capable of driving this additional load;

i e., a flip-flop already driving another flip-f lop.



DESCRIPTION
Tfhese circuits are basically transistor swvitches that may be
operated directly from the output of other 'f-Series circuits
such as flip-flops, One Shots or- squLaring amplifiers. Input
signal levels required are -3\'D(. and -11lVDC. As the
specifications showv, some units are activated at - 3\DC
and some are activated at - 11 \'D(.. Mlajor variables to

INPUT WAVIEFORM consider wheni selecting one of these units are maximum
output current required and the ouitputt voltage level to
be swvitched.

3V The most common application for these units is control of
\t~ely on Rela Offgeneral-purpose relays. However, the units are equally

11 Va jZ I useful for signal inversion and,, or level changing. Dual
units such as T-134 and '[-1:35 also find use as Reset

tr Generators in systems consisting of admixtures of 'f-Series
T and N-Series units.

I, + tf - .25 T When used to actuate relay~s, these units require protection
Absolute maximum value tor o Of 1 second. against reverse surge voltages generated by the relay coil.

If fal time To this end, diode clamping may be used across the coil
tr rse time as showvn on the individual schemnatics. Diode requirements

are: (1) Peak forwvard current -relay "on" current, and
(2) peak inverse voltage relay supply voltage.

T-120 LOAD CHART

T-120 T121 T-128 I I I -T 25 C
-48V-SOY-30V 3 -4

RELAY DRIVERS500 ma Slow 501 m0e --- i
REYDIESRelay Driver Relay R-la - - - - L-

table continued on nea pag Driver Driver .N -

INPUT ft t t ft I O L COO.EN

SIGNAL FREQUENCY RANGE _,MAXIMUMNCOL opi oTo

at max. output current 0OtolI Kc 0Otol IKc 0Oto 1 IKc T ot,,, I-~ d,,,, fe,..., 2 25 . WIN.

DC SIGNAL LEVEL TO ACTIVATE -liy -11Y -liv I0 I-

DC SIGNAL LEVEL TO DEACTIVATE -3V -3V -3V---
MAIL SIGNAL CURRENT REQUIRED: so

at-11Vtteapeelleaur 0.1 ma 0.1 ma 0.1 ma 7 TTT F7 F-
at--SV, to a egave mre 0. Oma .Oma 0.5ma 0 A a 22 1 420 24 28 32 36 40 4

IN al,$11PLI Vm?MI -v*bI

MAX. RISE or FALL TIMEt I Sec 1 sec I Sec

OUTPUT t T-121 LOAD CHANT

M& LOUTPUT CURRENT 5W me W e 00Wn SOma 7 T . 25,c

M. OUTPUT SUPPLY VOLTAGE -48V -90V -30V 420-- T
following: bed 6_Ce oac 6ge ~

"%inputfailtme 10% 10% 10% r o

FALL TIME, typical: longest of vs 1

following: u 0 113COL30330000

Tim. unde mix, laid 6 psec 6 1usec: 6 /osec npototo,.4 ,. .,~ 232% 0 WI 01, -4 4

#A nput do date 10% 10% 10% 6
CURRENT LEIIIAGEttirough load in

"off' condition and at maximum
operating temperature: 044 IL1 24 32 40, 43 54 44 72 so so

typial I ma lma Ima @tOS CIL 13401 VITASO I Will

maximum 5ma S ma 5ma
POE REQUIRED t Maximum output current available is dependent on relay voltage

(exclusivei of relay current) used; see load chart.

+12V (±10%) at 14 ma 14 ma 14 ma ft Max. frequency with relay load depends on relay capabilities

-iV ( 10%) at 30 to 45 ma 30 to 45 ma 30 to 45 ma Is May be operated up to 71" C for relay voltages up to 40V.

______________________________________________________________ t The sum of input rise and fall time must not be greater than 25%
RELAY COIL SUPPLY maximum -48V -90Y -30V of total period.

OPERATING TEMIPERTURE RANGE 54 to+65'C -54to+710C -54 to +71'C continued on next page



T-130 T-134 T-135 T-139 T-141 T.170 T-171
-29V, 1 amp. -35V -35V J+ 30V +45V -4 35V +35V

Kelay 100 me 100ma 400 ma0 me 10a ml10a lOmaRELAY DRIVERS Driver Relay and Relay and Relay Relay Relay and Relay and
Indicator Indicator Driver Driver Indicator ludieitor

tbecrtnefrmlspaeDriver* Driver* Driver Driver
tabe or~iue frm as pge(dual) (dual) (dual) (dual)

INPUT it tt tt ittt
SIGNAL FREQUENCY RANGE

at max. output current 0OtolI Kc 0Oto 50Kc O to 50Kc 0OtolI Kc 0OtolI Kc 0Oto 50Kc 0Oto 50Kc
DC SIGNAL LEVEL TO ACTIVATE -iV -1V -3V -3V -3V -iV -3V
DC SIGNAL LEVEL TO DEACTIVATE -3V -3V -1iV -11V -iv -3V -iv
MAX. SIGNAL CURRENT REQUIRED:

at -1IV, to a positive source 0.4 ma 0.45 ma 0.2 Ma 0.2 ma 0.2 ma 0.2 ma 0.5 ma
at -3V, to a negative source 0.5 ma 0.3 ma 0.5 ma 0.4 ma 0.4 Ma 0.5 ma 0.2 ma

MAX. RISE or FALL TIMEt 1 Sec 1 msec 1 miec 1 sec 1 sec 1 msec 1 u~sec (rise)
2 $sec (fall)

OUTPUT
MAX. OUTPUT CURRENT 1 amp 100 Ma 100 ma 400 ma 400 ma 100 ma 100 ma
MAX. OUTPUT SUPPLY VOLTAGE -30V -35V -35V -4 30V +45V 4 35V +35V
RISE TIME, typical: longest of

following:
Time under max. lead 13 psec 1 Assec 2 psec 6 usec 6 Msee I ,sec I jisec
% input fall time 20% 20% 10% 10% 25%
% input rise time 25% 25%

FALL TIME, typical: longest of
following:

Time under max. load 13 ussec 1 ,see 3 jusec 6pjsec 6 sisec 1 1Isec 1 pLsec
% input fall time 10% 25%
% input rise time 10% 20% 10% 10% 25%

CURRENT LEAKAGE through load in
"off" condition and at maximum
operating temperature:

typical 0.6 ma 0.02 ma 0.02 ma
maximum 3 ma 0.1 ma 0.1 Ma 0.3 ma 0.3 ma 0.5 ma 0.5 ma

POWER REQUIRED
(exclusive of relay current)

+ 12V(±10%) at 2Oma 12 ma 2.5 ma 30 mamax. 30 mamax. 12 ma max. 24 ma
-12V (t10%) at 20 ma 22 ma 14 ma 45 Ma max. 45 ma max. 24 ma max. 24 ma
- 3V 10%) at* 110 ma

RELAY COIL SUPPLY maximum -30V -35V -35V 430V 4-45V -4 35V +35V
OPERATING TEMPERATURE RANGE -54 to +65-C -55 to -4- 71 C -55 to+710C -541to' 65 C -54 to +65C -55 to -'71 C -55to +711C

* Can also be converted to reset generator. tt Max. frequency with relay load depends on relay capabilities.
t The sum of input rise and fall time must not be greater than 25% 9 No derating necessary over voltage and temperature range.

of total period. *Can be derived from - 12 V supply by connecting a 100 U2, 2 watt resistor between pins 1 and 3.

r -- - i

16 R3 SYMBOL V0---Ir

IWUT I* QI 1I SYMBOL
4 C C

1311
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DIVER T* 63 T 165 T0

DESCRIPTION T-165 - 25OKc LOAD DEBATING CHART
T-163 is a transistorized driver cotntainitng five' gemu m (Load can be doubled when frequency is halved within
tranisttors. Ani NPN emitter lolloss er is uised to drive fouir the maximurn of 150 Flip-Flops or 75 Shft Registers)
PNP emitter followvers, each of which may be loaded ini 175
the same mtannter as T- I 11I, T- 11 2, or T-]1 1:3 emitter fol- 1 1 1
lowers. The typical driviiig imit into) the T1-163 is a T-101BI Flip-Flops (T-1018, T-102A, etc.)
or T-102A flip-flop, or. e(Itltvalei t. 150 1 ' 

The primary purpose of' the T16:3 is to extend the logic Derate 4FF C above 45 C

driving capabilities of flip-flops. 125 - -. .- - -- - - --

Level shift casised by the NPN emitter follower input isI
very nearly compensated by~ ans opposite level shift at theI
PNP emitter follo%%er outtpu't. Delay time, snider most lip- 100
pl ications, is n egligible atnd( tIe ic stpit, for all practical'
ptirposes, is identical to tlte input except that it hals in- Shift Registers (T-604, T-606, etc.) - -- --

75 -4-+-4-i-!-i-creased loasd capabilities. 'Thc iiit inipedatnce is approxi- Derate 2.25 SIR C above -45 C.
tnatelv 2(0 K ohms itinitiit to -12 volts DC and twvo
T-163 units ate permissible loasds oin each ouitpstt of flip- 5C- - -- --

flops suich its T-]01l1. T-102A. etc
Easch ou~tput PNP emitter follower may~s le treated exasctly
its it T-1 11 wshen considering load-dri 'itg ability. .\lasxi- 25 ----

mutm load per T-16:3 mnay noct exceed thatt of fouar T-1 11
emitter followers. Total logic load ioig fotr each T1- 16:3 is 0- -- - - - - - --

12 DC "Or" gates, osr 16 DC "Atid" gates, or :32 DCTL -55 -35 -15 +5 +25 +45 +71
"And" or "Or" gastes. Thus, T-I 63 catn be used tos extenid AMBIENT TEMPERATURE )
flip-flop fasn-ou~t capabilities to 64 "And" or "Or" loads
per output.
Capascitv Driver T-165 is it tranisistorized asssemly cotn-
taining three gerinatintn tranisistors iii it pulse amplifier
configorastiott with it low% ootpitt impedanice. The primaliry
pinl)ose of this uttit is to dirive heavy capascitive loadcs suich4
itsia large nu1.mber of shift register pulse infpstts.

Signal lead length shouild be as short its possible wvhen
driving a large number of' units to prevenit ringing or over-
shoot. In addition, sigital leatd-svire resistasnce shotild be
kept to as minimum becasuise peask currents its high its 400
ina cian lbe expected whetn driving the m11aXimum111 load.

Caspacity' Driver T-302 cotitasits a squiaring amplifier aid C,

as esinplceet~itrv-svmtiiiietrv% emitter-follower ouitplit circuait.D 7

Anti-satutration techiniquies isre employed to aschieve high.
frequency response. The primiary pinrpose of this unit is to
drive high capacitive loads withotitappreciab~le logic level SYMIOL
loss or phase shift. DC. loaing is aliso permissible. H M

I OMON 12
L12



T-163 T-165 T.302DRIVERS D.C. Driver Capacity Driver Capacity Driver

INPUT
SIGNAL FREQUENCY RANGE 0 to 250 Kc 0 to 250 Kc 0 to 1 Mc
AMPLITUDE 8V (- IV to -3V shift) Pulse: 6.5V P-P min.tt 8V (-11 to -3V shift)

9.OV P-P max.
RISE TIME 0.5 to 1.0 ,sec 0.5 psec max. 0.05 to 0.3 psec
INPUT LOAD CHARACTERISTICS:

A, B 10,25 0,100 50,500
C, D 5,25 0,75 0,700
E, F 10,25 0,100 50,500

OUTPUT (each output)
AMPLITUDE t approx. equal to input 8.0 to 8.3V P-P pulse -liV to -3V DC level shift

amplitude with: depending on frequency
max. loss at -3V level = -0.25V
max. loss at-IlV level - -0.6V

RISE TIME equal to input rise time 0.4 psec max. with maximum 0.15 psec max.*
loads shown on chart*

FALL TIME equal to input fall time 2.0 Asec max. with maximum 0.20 psec max.*
loads shown on charte

PULSE WIDTH depends on input 2.5 Msec max. with maximum depends on input
loads shown on chart

DELAY TIME 0.15 ,sec max. 0.6 Asec max. with maximum 0.15 psec max.
loads shown on chart

OUTPUT DRIVE CHARACTERISTICS CD type IVt C = 1000; D = 10,000 C = 1000; D -= 10,000
POWER REQUIRED

-12 VDC ± 10% 24 ma max. 15.7 ma quiescent, 130 ma max. 33 ma average
depending on load

+12 VDC ± 10% 15 ma max. 2.5 ma max. none
OPERATING TEMPERATURE RANGE -55 to -- 71 C -55to+71'C -55 to +71'C

CAUTION: Outputs may not be paralleled. Each output must be at the 3V level with amplitudes slightly exceeding IV P-P. This
loaded independent of remaining outputs, is not detrimental to 250 Kc operations of T.series units but

t When operating into a purely capacitive load connect an external may be compensated for by inserting a 100 S2 resistor in series
5.6K2i resistor from output to +12V supply. with each output pin.

t Ringing: Under adverse conditions of temperature, supply voltage, tt Noise Rejection. 1.5V P-P.
and load connections high-frequency ringing may be experienced * Faster rise and fall times obtainable with lighter loading.

SYMBOL SYMBOL

-12V '-12V

INl :;R2 3 14 RI R2 33 114

all C 2

CIr, I :

-15 C13 26 3 Q4OUT Q 011111

-W! , --W : -0
eNS INPUT R 1 9 

2

BR Q3 ac

C2 -iT+3 el
R13 C4 RI

COAO



i
EITRFLO E S T-11 T-12 T-13

DESCRIPTION f 412
(See "Use of Emitter Followers" in "Faily Information"

section.)
Trhe T-l11f, T-112, and T-113 are ar rnents of the RI 2
same basic PNP emitter follow~er in single- dual- and PNP

triple-circulit packages. PNP emitter follow~ers aie used Q II .. &2. 7
priincipally to increase load-driv mng ability into resistive IJPU
loads such as DC Logic. When necessary to operate intoR3SMO
at capacitive load, connect at 5.6K! resistor hrom each out- I3SMO
put to the + 12-volt sutppiy,. 6 I1V -2

The T-114, T.115, and T-116 are arrangements of the I 2 13 4
sae aicNP mite oloer in single-, dual-, andI

triple-circuit packages. .NPN emitter followers are usedI
principally to increase load-driving ability into capacitive INUT 2
loads suich ats flip-flops or one-shots. NPN emitter follow- P b Qi b Q
ers are not recommended for operating into DC Logic. I. Q2
T-161 is a dual package consisting of a PNP emitter fol- OTU
lower (T-1 11) and an NPN emitter follower (T-1 14) in 0~~
one container. T-652 is a dual '[-161. These two uiiits can R __

he used to fill odd requirements for emitter followers in aSMBL6
system. Additionally, these units find service as comple-to
Mentarv symmetry emnitter followers x~heii the inputs areI i
coiinected together and the outputs are coiiiected to-- -

gether. Since NPN emitter followers have inimumi output P 2 3 14 19 1
impedance for positive-going signals and PNP emitter fol- >IR3 :R 5 R
lowers have minimium output impedance for negative- INUI
going signals, parallel coninectioni of one of each of these INPU 2 2 I

types a complementary synmnetrv emitter follower) results IViT 3 __\M

in at circuit having a v'ery lo%% output impedance for driv-b Q3SMO
inig cap~acitive loads. Q1Q2Q3SMO
T.304 and T-307 are simigle aiid dual versions of ai corn- I __

plernentary symmetry emitter follower for use at frequen- OTU

cies up to iN Ic. OUTPUJT 2

IOUTPUT 3

.1 .2V

-19 i~ ~EII SYMBOL COMMON

.111 2 R3 :114 R5 16 (

QiR R4:3 Q

3- -) I- INPU I I Q1R3 Q

SCO:R 

R.13

2~b

SYBO 

SYBL 
Q2R4

LC2 R



COMMON = SYMBOL %

SYMBOL 'l"2R4

Spa NPN

INU 2QI

OJYPUb

lpI OUTPUT I
Q1"OUJT2

12Yh 4 1 COMO

4YBO 54 I5

NP 2 b Q I -2Q7 2

INPUP2T

INPUT~~ 

PU 
LODCAARRSIS

Pins ~ ~ R 8 4oupt

OUTUTPUTp Q

NP: 0.5VngaieM aMolos

RIE IM Emte 0.1oer Nsse Emax. deterioato PNP P : mte salwrs Cmlme ntr sinal
EMITTER~~~ro inputER T-gna1, TP12 Seel) T-114, T-115,(ul, -6 T452 1160

OTPUT IPDNE
SINegAL n FREQgNal 1AG0t50 K2 1.8 25 K * max PNP 50 Kc 10 toIMae

loPde: 0, 10
POWER REQUIREDput

LEVEL SH 10% .95 st ve ma25 nnie T-16: .95 pto e ma ve omeac xrm

T-65230 7.8to225m

froml i n t exceed 0.2 : ,See-. 4 -11,TI1
DRV Whn MNSTC coule thog utbecpc tor e input pims t e n operatinginto pur ca tpave load conec A a=100 5.6 0

e. a b iasdnya ressto reurin to thmprpiteba.Tiaxtena ressto from oupu to maxsuply
RC etwrk an lsobe sedtoconertvolagestes ito Fr iput wih rse ime fate thn 05 jsec, otpu8is0.

pulgose l56 . mx 150 c max For slowe i npu rise tie Oturiei mqasinu
riseN time A



T-state. Direct Reset inputs are lor use \ elie seveial

DESCRIPTION flip-flops are to be reset synchronously by a T-109Reset Ge;nerator.

T-101B is a general-purpose RST flip-flop for use as a T157 is similar to T-I xcet the trigger iput is hu-

storage or ilelinory Lievic( 1or l-I r(jiel it' di\ ision. Sattirr- T15ishnlrtT103expthergg fltisb -
storal o elatoryof th e trw ftor is freuedat diisio.Satcr-f fcred by an integral NPN emitter followcr to reduce the
ated operation of tie transistors is e mx ployed at i sacrifice AC load effect of this circuit T-633 is admirably suited
e lie of tr'asistor paraoeter oariatio n uis and to proide for use with the Digital Systens Breadboard and Training

maximin1 stability aid reliabilit\. T-101B (and all of the equiplen it (described iun der "Related Eqiuipient") be-
other IST flip-ilhiTs described here) c'an be triggered in cause it conitains DC, AC, and direct base connections on
hither of tio p-fodes: both the set and reset sides of the flip flop as well as a

trigger input.

(1) In the T (trigger or binary) mode, each input pulse T-643 and T-644 are basically the saiie as T-101B except
changes the state of the flip-flop. T-643 contains integral PNP emitter tollo\\ers on both

(2) In the RS (reset and set) mode, the circuits re- outputs and '1-644 contains an integral PNP emitter fol-
spond to alternate set and reset pulses; for exam- lo\wer on one output. These emitter followers provide
pie, successive set pulses do not disturb the set considerably iniceased load-driviiig ability.

RST FLIP-FLOPS T-101B T-157 T-633 T-643 T-644

INPUT
SIGNAL FREQUENCY RANGE:

T Mode 0 to 250 Kct 0 to 250 Kc 0 to 250 Kct O to 250 Kc t 0 to 250 Kc
RS Mods 0 to 250 Kcl t 0 to 250 Kc* 0 to 250 Kc* f 0 to 300 Kc* 0 to 250 Kc:

AMPLITUDE (except base inputs)
Maximum 9V P.P 9V P-P 9V P-P 9V P-P 9V P-P
Minimum (pos.going pulse)

@ rise time up to 1.0 psec)o 6V P.P 6V P-P 6V P-P 6V P-P 6V P-P
AMPLITUDE (base input) -NA- -NA- DC level shift -NA-- -NA-

3.5 to 1.OV
RISE TIME 0.1 to 1.0 psec 0. 1 to 1.0/usec 0.1 to 1.O ,sec 0.1 to 1.0 psec 0.1 to 1.0 sec
INPUT LOAD CHARACTERISTICS:

TRIGGER inputs:

C, D 8.75 0,100 8,75 8,75 8,75

E, F 10,100 10,25 10,100 10,100 10,100
AC SET & RESET inputs:

A, 3 25, 100 25, 100 25, 100 25, 100 25, 100

C, D 20, 75 20, 75 20, 75 20, 75 20, 75
E, F 25, 100 25,100 25, 100 25,100 25, 100

DIRECT inputs: (Refer to Description)
A, 8 10,0 10,0 Direct: 10, 0 10,0 10,0

Base: 15, 0

OUTPUT
AMPLITUDE (nominal DC levels) -3V ",,, -3V -- "1", -3V "1, -3V -"", -3V "

--llV "0" -IIV . '" -I1V "'" -IV- "0" - Iv "'
RISE TIME (depending on

load & input signal) 0.2 to 1.0 jpsec 0.2 to 1.0 psec 0.2 to 1.0 jsec 0.2 to 1.0 psec 0.2 to 1.0 psec

FALL TIME approx. 2.0 ,sec approx. 2.0 psec approx. 2.0 jisec approx. 2.0 psec approx. 2.0 1isec

LOAD DRIVE CHARACTERISTICS ftT mode: AB type I flAB type I ttT mode: AB type I *CD type IV *T mode:
RS mode: AB type III RS mode: AB type III Pin 7: CD type IVPin 8: AB type

RS mode:
Pin 7: CD type IV
Pin 8: AB type III

POWER REQUIRED
-12 VDC ± 10% 5 ma 9 ms 5ma 12.8 to 27 ma 8.9 to 16 ma

depending on load depending on load

-12 VDC - 10% none none none 3.9 to ll ma 3.9 to ll ma
depending on load depending on load

OPERATING TEMPERATURE RANGE -45 to 65 C -45 to +65 C -45 to f 65 C -45 to +65 C -45 to -4 65 C

With duty cycle of driving signal for frequencies above 150 Kc tt Capacitive loading on one output may deteriorate rise time on
reduced to allow 5.0 psec recovery time on each input, other output. Rise time can be restored by using emitter follower ri

t Range extends to 400 Kc when lightly loaded and with 7V between flip-flop output and capacitive load.
minimum input at 0.4 psec rise time. @ When operating into capacitive loads, connect a 5.6 K11 external
Range extends to 300 Kc with 6.5V minimum input at I /sec resistor from output to -t 12V supply.
rise time or faster. w At faster rise times, less amplitude is required. However, these

units will not trigger on 1.5V or less regardless of rise time.
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DESCRIPTION

T.102A is used as a storage or memory device and as a T-303 is a T flip-flop for use at frequencies up to 5Mc.
frequency divider. It is very similar to RST flip-flop An integral emitter follower on the trigger input is pro-
T-101B except that the diode-isolated set and reset inputs vided to increase the input impedance and to produce a
have been eliminated and replaced with a direct connec- more constant input to the flip flop proper regardless of
tion to the base of each transistor. This unit is intended, trigger rise time or amplitude. Saturation techniques are
primarily, to be triggered in the T (trigger or binary) mode used to achieve more uniform transistor operation and,
where each input pulse changes the state of the flip-flop, with the transistors used, there is no detraction from
However, T-102A can be used in set and reset operation operating speeds.
where external circuitry permits connections to be made Extreme care should be exercised with external wiring for
directly to the transistor base. These base connections are T-303. In particular, any leads to pins 2 and 3 should be
normally used in conjunction with Reset Generators T-109 as short as possible and placed away from any leads carry-
or T-129 (See "Use of Reset Generators" in "Family Infor- ing signals. DC resetting may be done as described in the
mation" section of this ca.talog) but can also be used in paragraph "Use of Reset Generators" in the "Family In-
conjunction with pulse logic circuits. formation" section of this catalog.

T-647 is a T flip-flop containing integral PNP emitter fol-
lowers on both outputs to improve DC-load driving ability.
Transistor base connections are available for set-reset oper-
ation and, additionally, DC set and reset inputs are
provided at pins 11 and 5 respectively.

T FLIP-FLOPS T-102A T-303 T-647

INPUT
Trigger Input

SIGNAL FREQUENCY 0 to 250 Kt O to 5 Mc O to 250 Kc
AMPLITUDE

Maxim 9V P-P 9V P-P 9V P-P
Miuimum I 6V pos.-going pulse @ rise times 6V ps.-going pulse@ rsa time 6V pos..going pulse @ rise time

up to 1.0 ysec up to 0.2 jusec from 0 to 2Mc* up to 1.0 usec
RISE TIME 0.1 to 1.0 psec 0.2 #sec max.* 0.1 to 1.0 ,sec
INPUT LOAD CHARACTERISTICS:

A, 10,100 0,150 10,100

C, D 8,75 5,25 8,75

E, F 10,100 0,150 10,100
Base Inputs

MINIMUM AMPLITUDE
(DC level shift fronm: -3.5 VOC to -1.0 VDC 0 VDC to -4 VDC -3.5 VDC to -1.0 VDC

INPUT LOAD CHAMCTERIST,
(Refer to Description)

A,1 15,0 30,0 10,0

OUTPUT
AMPLITUDE (nominal DC levels:) ---3V- "1", -11V "0" -3V = "I", -IlV = "0" - -3v - "1", lIV "0"

RISE TIME (depending on load,
frequency, & input signal) 0.2 to 1.0 psec 15 to 60 niec 0.2 to 1.0 jusec

FALL TIME approx. 2.0 psec 0.1 to 0.5 psec approx. 2.0 psec
LOAD DIVE CHARACTERISTICS AB type I A:250, B:125 CD type IVt

POWER REQUIRD
-12 VDC t 10% 5.0 ma 18.5 ma 4.6 to 27 ma depending on load
+-12 VDC ± 10% none none 3.9 to I 1 ma depending on load

OPERATING TEMPERATURE RANGE -45 to - 65 C -45 to +65oC -45 to + 65 C

*At 2 to 5 Mc, a rise time of 30% of input period or faster will trigger flip-flop with 6.OV pos.-going wave form. Sine.wave triggering may be
extended by increasing input to 6.5V.

tWhen operating into capacitive loads, connect external 5.6 K12 resistor from output to +12V supply.
tAt faster rise times, less amplitude is required. However, these units will not trigger on inputs of 1.5V or less regardless of rise time. 4
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R I R 2 R3 R 4

OUT PUT 3 2 OTU RSFI-LP T16,T 4,T648

- I 42R 5 R'3 56DESCRIPTION
_________T-162 is an RS flip-flop siniflar to the general-purpose EST

SET _____RESET flip-flop T-l 01 B. It differs in that the binary or trigger
CR1CR3 PT2 input has lbeeii deleted and it direct set inpu-t has beeni

PT3 b9 RP11R:R RESET a edT - nid T-4 ar iiar except T-646 containis
C34 4 ~ at i integral PNP ( nitter follower 01i om me ouitpuit and T-648

R12 R13 R 14 R15 conitais integral PNP emoitter followvers on both otpuits.

Direct Reset iputs are for usc %\ lien at tuber of flip-flops
- ~i.re to be operated ini svtmclrotuistn by a Reset Cenierator

R16 T-I (09. Isolation diodes otit theCse inlpu-ts of 'r-646 and T-648
prevent feedback \\ hen several units are connected to-
gether, such ais in form itig at rin g cou nter. Sice T- 162

COMMONloes not contain these diodes, an external isolatig diode
is mecessarv \\hemever both the A( amnd associated DC

9 12V inpuits are connected.

R I R2 R3 2

OUTPUT 

IC

.1211 R4OTU

DIRECT SET __2_ DIECRSE__R4 

R5 

R

SET CRT C113 R R5 1 R 4 CR2 REST
&4 0 b Q2 Q 3 Q JR'C3R8 :C R

RIO R P121 R13RETRI

Rt4 SET A1

COMMO SYMOL SMBOLSYMBOL

SINA REUNC ANE0 o25 O*0to 300 Kc* 0Oto 300 Kc*

Maximm 9V -P 9VP- V P-P

(Refer to Description) Pins 3 & 5 (AC) Pin 2 (direct) Pins 3 & 5 (AC) Pin 2 (direct) Pins 3 & 5 (AC) Pins 2 & 4 (direct
A,IB 25,100 10,0 35,200 15,0 35,200 15,0
C, D007 A3,50N 010N

E, F 25, 100 NA 35, 200 N 520N
OUTPUT

AMPLITUDE (nominal DC levels) -3V =I" 1 1, - =I 0" -3V - "I", -Il I 0' -3V "1", -11V ="0"
RISE TIME (depending on load

& input signal)0.to10ue0.to10pe04to.0sc
FALL TIME (depending on load

& input signal) approx. 2.0 ,sec approx. 1.5 Asec approx. 1.5 psSc

LOAD DRIVE CHARACTERISTICS AB type Ill Pin 7: CD type IVtt CO type [Vtt
Pin 8: AB type l It

POWER REQUIRED
-12 VOC -t10% 5 ma 8.9 to 16 ma depending on load 8.9 to 27 ma depending on load

,12 VDC :t: 10% none 3.9 to 11 ma depending on load 3.9 to I1I ma depending on load
OPRTING TEMPERATURE RANGE -45 to +650 C -45 to 65 C -45 to +65'C

*With duty cycle of driving signal for frequencies above 150 Kc ICapacitive loading on pin 8 may deteriorate rise time of pin 7
reduced to allow 5 usec recovery time on each input, output. Output rise time can be restored by using emitter

tAt faster rise times, less amplitude is required. However, these follower between flip-f lop output and capacitive load.h Lunits will not trigger on inputs of 1.5V or less regardless of tt When operating into capacitive loads, connect external 5.6 K11
rise tine. resistor from output to 12V supply.



D)ESCIPTION ___

T-301A awl1( T-80 IA arte gated high-1i reit.cy flip-flops SH.IFT EG1~IISE an AED FIP-FLOPS~
coted tItIitI [lAV1C5-joidikn type) Iistahie cjirtuits. Atiti-sat- TI0A T-04 TI 05 T-06 T-10 T-29 T-I80UI
tiiatioih teeli iiies are emtployed(( to) achiev.e high-frequency

plie it it omm n in ut.A " C Reet"is povied fr for5 T 6 e6 mid Tie 1 a r e ictotmpleite shift ali t s cT (

uisi its tit hamepr of't fis-fors par to be enr onarsy Iten th is o rasge and icatin ircts rcit ii ae:li

bs.e lodilnputtit(5t tl rvd mxmn veatiit~-dt unit Pittt-6 Sil-i . seuialut eiter arlloel -to erilt

lio es ai Id the "tranisfer diata" in puts are iden tical to those 'r-6 10 - Serial-iit. parallel -on t.
called ouit for Data iniputs atnd Shift Pulse inipiits respec- The T-60 is at slow-speedl clemntt that will work at spe(
tively in the specification table. Tf-629 has at Direct Reset tito2K.TeT66ai r61aebthmd n-p
inut and T-604 has at direct base itit cotnnection whlich~ teic to a will. The -6 atisd tip 1 tarot tuediin-s
cait le used to either set ur reset the flip-flop. Both of d~cSta il~oka pei i o20c

3]

2JW PIJLS REE CO3 CN6
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SHIFT REGISTER and T-301A T404 T-605 T406 T410 T429 T4O01A
Gated F/F Gated F/F Shift Reg. F/F Shift Sag. F/F Shift Reg. F/F Sated F/F Sated F/FGATED FLIP-FLOPS (1 Mc) (250 Ic) (25 Ic) (250 Ic) (250 Kc) (250 Ic) (1 M0)

INPUT
Data Input

SIGNAL FREQUENCY RANGE 0Oto 500 Kc 0Oto125 Kc 0Oto 12.5 Kc 0Otol125Kc 0Oto 125 Kc 0Oto125 Kc 0OtoS500Kc
SIGNAL LEVEL (nominal)

Enable -2.5 to -3 VDC -3 VDC -3 VDC -3 VDC -3 VDC -2.5 to
-4.0 VDC -4.0 VDC

Disable -10 to -11 VDC -11 VDC -11 VDC -11 VDC -11 VDC -10 to
-12 VDC -12 VDC

RISE TIME (,&sac) 0.05 to 0.5 0.1 to 1.0 0.1 to 1.0 0.1 to 1.0 0.1 to 1.0 0.1 to 1.0 0.05 to 0.3
INPUT LOAD CHARACTERISTICS:

A. B 5,150 10,25 65,200 10,25 10,25 10,25 5,150
C, D 5,50 10,50 5,25 10,50 10,50 10,50 5,50
E,.F 5,150 10,25 65,200 10,25 10,25 10,25 5,150

Shift Pulse
SIGNAL FREQUENCY RANGE 0OtolI Mc 0Oto 250Kc 0Oto 25Kc 0Oto 250Kc 0Oto 250Kc 0Oto 250Kc 0OtolI Mc
AMPLITUDE

Maximum 9V pp 9 gp-p 9V p-p 9yp gyP p9 r gypP 9y P-VP-p
Minimum 6V P-P 7.5V P-P 6V P-P 7.5V P-P 7.5V P-P 7.5V P-P 6V P-P

RISE TIME (#sec) 0.05 to 0.2 0.4 (max.) 0.1 to 1.0 0.4 (max.) 0.4 (max.) 0.4 (max.) 0.05 to 0.2
INPUT LOAD CHARACTERISTICS:

A.IB 10, 100 25, 200 10,150 25,200 25,200 25, 200 10, 100.
C, D 8, 75 20,150 8.115 20,150 20,150 20,150 8,75.
, F 10,100 25, 200 10,150 25, 200 25,200 25, 200 10,100.

Ungated Triger
SIGNAL FREQUENCY RANGE - NA - Oto250 Kc - NA- - NA- -NA - Oto 250 Kc - NA -
AMPLITUDE

Maximum - NA - 9V P-P - NA - - NA - -NA - 9gYP-P - NA -
Minimum (pos..gorng pulse @

rise times up to I Asec)* - NA- 6V P-P - NA - - NA - -NA - 6V P-P - NA -
RISE TIME (,Asec) - NA - 0.1ltol1.0 - NA - - NA- -NA - 0.1ltol1.0 -NA -
INPUT LOAD CHARACTERISTICS:

A - NA- 10,100 - NA - - NA - -NA - 10,100 - NA -
C.D - NA - 8,75 - NA - - NA - -NA - 8.75 - NA -
E, F - NA - 10,100 - NA - -NA - - NA - 10,100 - NA -

Direct Reoe
REQIRES SAME OUTPUT AS THAT
GENERATED BT T- 109 T-109t T-109 T-109t T-109 T- 109 T-109
INPUT LOAD CHARACTERISTICS:

(Refer to Description) 30,0 15,0 10,0 15,0 10,0 10,0 30,0
OUTPUT

AMPLITUDE (Nominal DC levels) -3V '1 -3V = "1", -3V 1", -3V - "1", -3V ,"1". -3V ="1", -3V -1"",
-lIV "0' -1lY "0" -lV = '0" -IVY = "0" -lIV: "0' -11V = 'p0" - IV 0

RISE TIME (in psec: & depending on
loa and input signal) 0.05 to 0.2 0.2 to 1.0 0.2 to 1.0 0.2 to 1.0 0.2 to 1.0 0.2 to 1.0 0.05 to 0.2

FALL TIME (in psec) 0.5 (max.) 2.0 (approx.) 2.0 (approx.) 2.0 (approx.) 2.0 (approx.) 2.0 (approx.) 0.5 (max.)
LOAD DMMV CHARACTERISTICS: AB type VI Trigger Mode: Pin 7: AS type V Pin 7: Trigger Mode: AB type VI

AB type I CD typelIV CDotypelIV ABltypelI
SR Mode: Pin 8: Pin 8: SR Mode:
AB typeYV AB type V AB typeYV AB typeYV

POWER REQUIRED
-2DC+1%11 ma 7.3 ma 8.9 to 16 ma 6.6 ma max. 9.8 to 16.9 ma 7.3 ma max. 11 ma

+ 12 VC ±10% none none 3.9 toll ma none 3.9 toll1 ma no none
OPERATING TEMPERATURE RAMG -45 to -45 to -45 to -45 to -45 to -45 to -45 to

+65'C +65*C +65*C +65-C +65*C +65*C +65oC

*At faster rise times, less amplitude is required. However, these units t Connect external diode to isolate transistor base circuit from T-109
will not trigger on 1.5V or less regardless of rise time. output circuit.

tConnect external resistor from Pin 13 to 12V common. *Pins 4, 12 and 13.
Value = 000where N is the number of Shift Register elements. 4

N
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IN ETR -1,T-3,T17 -3 T-136, T-137, .111( T-138 are( DC invitcis i- "Not" circuits
I li ait, lisecl to pi'ovi( logic in version I '%ith Ii l'

rustoratlol. T-136 anid 'r-1:38 aile duatl uniits andt one
DESCRIPTION ottput of T- 1:38 is cit ittir-l ol lower hu fevred to provide4
T- 117 cotains two uienical, ii t(I.'pi)Ctutuit PuIIISV Ii l iriig greatc ti-i \y cplti t 'r-1I:37 is it sinigle ittt with
Am pli icrs. Each aniplificr produtces it standiatrd positive- bu11ilt -in ciiiit tei- ol lower hit tier iiig. Oi te I iote of cai it ioi
goinig poise of I to 2 inicroisecottds durattiont fot cilcti wiec oii uig T-1I 36: Note that tlti(r is no0 DC eturi to
flegttive-gciIIg iniputt p ulse or voltage stel). I111)1its are gli o il (t th e ouitpuit a tid, coisc pit .i tlv. t Iiis ou t pu t call1
shaped to pritu ce ouit ptuts of iilj)rttv( rise t i me atd i rise to - 1 2'. To estal isht a - I I Ns' outtpuit cot ittect at1

staiidard aitiplitilde. exteria itI I KU2 resistor Iroto thte outpot pi to grotiid.

INETESDulT-117 T-136 T-137 T-138

INETR ulPulse Inverter Dual Inverter Buffered Inverter Dual Inverter

INPUT (each inverter)
SIGNAL FREQUENCY RANGE 250 Kc max 0 to 250 Kc 0 to 250 Kc 0 to 250 Kc
AMPLITUDE Min. pulse or step of -3V = "I", -3V -= "I", -3V ="I",

6V @~ 1 psecC rise time.; -liV "__1011 -iV 0"1 - = "10"1
Will not respond to 1.5V

or less, regardless of rise time
ON CURRENT (Max.) -NA- 1.02 ma 0.36 ma Pin 2: 1.02 ma

Pin 3: 0.4 ma
OFF CURRENT (Max.) -NA- 0.4 ma 0.1 ma Pin 2: 0.4 ma

Pin 3: 0.1 ma
RISE TIME -NA- 0.1 to 1.0 usec 0.1 to 1.0 psec 0.1 to 1.0MseC
FALL TIME 0.1 to 1.0 /Lsec* 0.1 to 2.0 ,ssec 0.1 to 2.0 psec 0.1 to 2.0 /Asec
INPUT LOAD CHARACTERISTICS:

A, B 15, 100 65, 200 40,100 Pin 2: 65, 200
______________________________________________Pin 3:_40, 100

C. D 50,75 5,25 5,25 5,25
E, F 15, 100 65, 200 40,100 Pin 2: 65, 200

Pin 3: 40, 1004
OUTPUT (each inverter)

POLARITY positive inverted from inpuit inverted from input inverted from input
AMPLITUDE Leading edge: -3V c"I1", -3V - 1", -3V ="1I,

9.5V max. 7V min. -ilY 110"1 -liV "0"1 -1V "0"D,
Trailing edge:

9V max., 7V min.
PULSE WIDTH (half amplitude points) 1.5 to 4.5 psec depending depends on input depends on input depends on input

on input fall time
and amplitude

RISE AND FALL. TIMES 0.15 to 0.5 usec 1.0 jsec max.t 1.0 psec max.t 1 0psec max.t
LOAD DRIVE CHARACTERISTICS AB type VI I AB type XVIII CD type IV Pin 7: AS type XVIII

Pin 8: CD type IV
POWER REQUIRED

-12 VOC ± 10% 3.0 ma quiescent, 10 ma max. 6.5 ma max. 16.3 ma max.
4.5 ma peak

+ 12 VOC ± 10% none 1 ma max. 4.0 ma max. 4. 4 ma max.
OMEATING TEMPERATURE RANGE -45 to -4-65 C -55 to+71 IC -55 to -71 C -55 to +711C

*For signals of very poor rise time use direct input with external
capacitor of suitable size.

t Faster rise and fall times obtainabte with lighter loads.
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DESCRIPTION
DCTL Logic Gates use transistors connected as emitter "And" GATES T-309, T-439, T-641, T-650, T-802
followvers; at each input and all transistors share a common
load resistor. The transistor base-emnitter circuit functions The DCTL "And" Gates use PNP transistor s and operate
as a diode and the emitter-follosser configuration provides best into resistive loads. When it is necessary, to drive a
substantial current gain. The relatively, high input fimped- capacitive load, connect a 5.6K!! resistor from the output
-nce makes these units relatively, light loads on the driving of each gate to the + 12-volt supply. '[his wvill increase
source. Another advantage of these circuits is that no driving ahility for positive pulses as described in the "Use
interstage coupling eleint is required betwveen gates or oif Emitter Followver" paragraph in the "Family Inforina-
betwveen gates and amplifiers. tion" section of this catalog.

T-309 T.439 T-641 T450 T402
DCL"Ad GTS3-Input 3-Input Dual 2-/single 4- Dual 3-/single 6- Dual 2-/single 4-

DCL"n"GTSInput Input Input

INPUT (Connect unused inputs to -3V)
SIGNAL FREQUENCY RANGE 0OtolI Mc 0Oto 250Kc* 0to 250Kc* 0Oto 250Kc* 0OtolI Mc
AMPLITUDE -l1IV 110o", -lIV "0", -- liY 10"1, -lIV = 110", -- 1lIV - "10"1,

--3V= 1" -3V:="1 I'l 3V -- "1" -3V = 'll ---3V= "1"l
RISE TIME 0.05 to 0.2 psec 0.1 to 1.0,psec 0.1 to 1.0 jisec 0.1 to 1.0 psec 0.05 to 0.2 psec
INPUT LOAD CHARACTERISTICS:

A,IB 10,0 10,0 10,0 10,0 10,0
C, D 8,0 8.0 8,0 8,0 8,0
E, F 10,0 10,0 10,0 10.0 10,0

OUTPUT
AMPLITUDE (equal to:) input signal input signal input signal input signal input signal
LEVEL SHIFT approx. 0.4AV approx. +03V approx. 4-0.3V approx. +03V approx. +0.4V
RISE TIME:

Unleaded (approx.) input rise time Or* input rise time
Degradation Under Load 0.3,usec max. 0.2 Msec max. 0.2 usec max. 0.2 ,ssec max. 0.3 psec max.

OUTPUT DRIVE CHARAICTERISTICS CD type IV CD type IV CD type IV CD type IV CD type IV
POWER REQUIRED (each gate)

12 VDC :t 10%
(Depending on load) 3.9gto I11 ma 3.9 to 11 ma 3.9 to I11 ma 3.9gto 11 ma 3.9 to I11 ma

+12VDC ± 10%
(Depending on load) 3.9 toll1 ma 3.9 toll1 ma 3.9 toll1 ma 3.9 toll1 ma 3.9 toll1 ma

OPERATING TEMPERATURE RANGE -54 to - 71 C -54 to+711C -54 to+ 71 C -54 to±711C -54 to ± 71-C

*Can be extended to 500 Kc with reduced load.
*For inputs with rise times faster than 0.5 usec., output rise time is 0.5 usec. max. For slower input rise times, output rise time equals input

rise time.

T-310 T-40 T-642 T451 T-803
DCL O" ATS3-Input 3-Inpu Dual 2./single 4- Dual 3-/sIngle1- Dual 2-/single 4-

DT e GTSInput Inpu Input

INPUT (Connect unused inputs to - 12 V)
SIGNAL FRIEQUENCY RIA01E OtolI Mc 0 to 250Kc$ Oto 250OKc* Oto 250OKc$ 0tolI Mc
AMPLITUDE -lIV -"0"1, -liV = "0",, -- IlIV z."0", -1V = "0", -11IV ="10",

-3V =I'll -3V= "I" -3V= .1"1 -3V=..I" -3V = "1"1
RISE TIME 0.05 to 0.2 psec 0.1 to 1.0 jusec 0.1 to 1.0 psec 0.1 to 1.0 #sec 0.05 to 0.2 Msec
INPUT LOA CNAMACTERISTICLM

A 10,25 10,25 10, 25 10,25 10,25

C, D 5,25 5,25 5,25 5,25 5,25
E, F 10,25 10,25 10,25 10,25 10,25

OUTPUT
AMPLITUDE (equal to:) input signal input signal input signal Input signal input signal
LEVEL SHIFT -4.5V max. approx. -0.25V approx. -0.25V approx. -0.25V -0.5V max.
RISE TIME (equal to:) input rise time input rise time input rise time input rise time input rise time

OUTPUT DRIVE CHARACTERISTIC EF type VI II EF type VI II EF type VI II EF type VI II EF type VI II

POWER REQUIRED (each gate)
(Depending on load) 1 to 21 ma Ilto 7ma 1 tol7ma Ilto 7ma 1 to 21 ma

OPERATING TEMPERATURE RANGE -54 to +71'C -54 to +71 IC -54 to 4-71,C -54 to +71 'C -54 to71 ICL *Can be extended to 500 Kc wth reduced load.



"Or" GATES T-31I0, T-440, T-642, T-651, T-803 Comm
Typical applications for DCTL "Or" Gates involve driving
capacitive loads such as flip)-flops or one-shots. Unused
inputs should be connected to the - 12-volt supply.
G;ates T-641, T-642, T-650, Tr-651, T-802, and T[-803 arc
except ion all1y versatile ini that conunectioni of anI externalbb
jiunper determines whether these will he dual gates or I Q 2Q

single gates. For example. if pins 7 and 8 of T[-651 are___________________
jumpered, the unit functions as a single (i-input gate; if SYMBOL
pin 14 and 8 of T-651 are jiupered. the unit functions
as two 3-input gates.7
Specifications for one additional DCUEL gate, Tf-653, vv'ill

be found on the page which con~talins information describ-
ing "And. Or" gates.
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pin 2. [-:318 may operate %itl plulse logic (ca be cas-

PULS "caded with other a-n18's) ad can also trigger capacitive
loads. Another typical application for this unit is to drive
N-109 and N-110 decades.

T-31 8 T-410A, T-637, and T-448 are dual pulse "And" gates; 4T-410OA (dual) T-612 (sextuple) Tr-410A has at comniomi pulse itiput, T-637 has separate

pulse inputs, and T-448 has separate pulse inputs plus

T-637 (dual) T-613 (sextuple, a built-in amplifier. Outputs of T-410A and "-637 will not

T-448 (dual) separate pulse inputs) normally exceed 7V peak-to-peak. However, the sharp rise
time of the output and the low output impedance of the

T-413 (dual with T-447 (2 control inputs) NPN emitter followers provide reliable trigger signals.
r'ed outputs) T-411 (4 control inputs) 'These gates normally operate into capacitive loads and

may be "Or" mixed but not cascaded. Features of theseT-630 (triple) T1601 (8 control inputs) gates are (I) ability to be controlled directly by a flip-flop,

DESCRIPTION squaring amplifier, or one-shot without need for an inter-

The purpose of a pulse gate is to permit an applied pulse vening emitter follower, and (2) output rise time is not

to be transmitted to a load only when a control input is determined by the control input.

present. When this control input is in a binary "0" state, T-413 is similar to T-6:37 except the gated pulses are

input pulses are grounded; when the control input is in a "Or'ed" together internally. T-630 is also similar to T-637

binary "1" state, input pulses are transmitted through the except it contains three gates.

gate. These control properties have inherent delays which T-612 and T-613 are economical low-frequency diode
make the gates useful in applications where trigger and pulse gates each containing six gate circuits; T-612 has a
logic operations occur at the same time. The specifications common pulse input and T-613 has separate pulse inputs.
give "Enable" and "Disable" delays referenced to the time These gates are basically poor drivers but do find use in
at which a "turn-on" or "turn-off" signal is applied at the driving flip-flop base inputs directly. Additionally, if the
control input, assuming a fast-rise-time input. If the control outputs are biased to -:3V these gates can be used to
signal has a poor waveforn, these specifications on delay drive capacitive loads.
will not apply. T-447, T-411, and T-601 are multiple-control-input pulse

T-318 is a one-megacycle pulse "And" gate which couples "And" gates which transmit pulses to a load only when
gated pulses through an amplifier to produce standard all control inputs are "true." The circuits are identical ex-
8-volt amplitude output pulses. Because of this built-in cept for the number of control inputs. An integral pulse
amplification, output rise time is not determined by input amplifier insures standardized output pulses and pulse
rise time. If additional control inputs are desired, 1-Me inputs can be supplied by a pulse amplifier, squaring am-
DC L "And" gates may be used to provide inputs to plifier, blocking oscillator, or NPN emitter follower. 4

-12V
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PLE"n"GTST-318 T.410A T411 T413 T-447 T.448

Control Input(s)
AMPLITUDE (level shift from:) -11 to-3V -11 to-V -110t-21V -11 to-3V -1 to-3V -lto-3V
RISE TIME 0.2 usec max. 0.1 to 1.0 psec 0.1 to 1.0 usec 0.1 to 1.0 psOc 0.1 to 1.0 Msec 0.1 to 1.0pusc:
GATE ENABLE TIME (nominal) 1 'Usec 2 psec 3 u~sec: 2 psec 3 usec 3 #see
GATE DISABLE TIME (nominal) 1 dMsec 4 jAsec 4 psec 4 jusec 4 ,isec 4 #see
INPUT LOAD CHARACTERISTICS

A, 3 20, 200 10,200 2, 200 10,200 2,200 2,200
CD 25,100 t t t t t
E, F 20, 200 20,200 2,200 10,200 2,200 2,200

Pulse Input(s)
SIGNAL FREQUENCY RANGE 1 Mc max. 250 Kc max. 250 Kc max. 250 Kc max. 250 Kc max. 250 Kc max.
AMPLITUDE (P-P): 6.5V min. 7.5V @ 0.25 6.5V min. 7.5V @ 0.25 6.5V min. 6.5V min.

9V max. uw*e 9V max. jpsec' 9V max. 9Y max.
RISE TIME .05 pscmax. 0.25 usec max. 0.1 to 0.5,usec 0.25 psae max. 0.1 to0.5,psec 0.1 to0.5 pusc
INPUT LOAD CHARACTERISTICS:

A. B 10,100 20,200 5, 150 10,100 5, 150 5,150
C, D 5,25 t t t t t
E, F 10,100 20,200 5, 150 10,100 5,150 5,150

OUTPUT (each gate)
AMPLITUDE (positive pulse, P-P) 8V 4.5V 8V 4.5V 8V e
RISE TIME .02 psec max. 0.25 pusec max. 0.4 psec max. 0.25 pscmax. 0.4,usec max. 0.4psec max.

PULSE DURATION (nominal) 0.3 Asec @ 1.1 /,sec 0.5 to 3.0 Asec 1.1 'psec 0.5 to 3.0 psec 0.5 to 3.0 psec
250 Kc

LOAD DRIVE CHARACTERISTICS C 1000f
D =700

POWER REQUIRED
- 12 VDC ±-10% (peak) 30Oma 3.6 ma 6ma *3.6 ma 9ma Is ma
+ 12 YDC ± 10% 5 ma 0.8 ma none 0.8 ma none none

OP'ERATING TEMPERATURE RAKGE -55 to -45 to -45 to -45 to -45 to -45 to
+71 C +65'C +65 C +65*C ±65-C +65-C

*Lower amplitudes require faster rise times. tThese gates should be used only to drive capacitive loads
t Pulse "And" gates are not recommended as loads for CD such as flip-flops. Max. load = 5 'T' inputs, or 4 "RS"

drivers due to rise-time deterioration (Exception: T-318). inputs, table continued on next page
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I j PULSE "drI* GATES T401 T412 T-613 T430 T437
INPUT

Control Input(s) ________

AMPLITUDE (level shift from:) -11 to-3V -11 to-3V -lVto-3V -11 to-3V -11 to-3V
RISE TIME 0.2 to 1.0 /Lsec 0.1 to 1.0 Asec 0.1 to 1.0 1psec 0.1 to 1.0 #sec 0.1 to 1.0 psec
GATE ENABLE TIME (nominal) 3 A~sec 10 pAsec 25 u~sec 2 Asec 2 jisec
GATE DISABLE TIME (nominal) 4 jisec 10 psec 25 ;Lsec 4 Asec 4 psec
INPUT LOAD CHARACTERISTICS

A,IB 2,200 8,150 8, 150 10, 200 10, 200 b

C.,D t t t t t
PleE, F 2,200 8,150 8,150 10, 200 10, 200
PleInput(s)7

SIGNAL FREQUENCY RANGE 250 Kc max. 10 Kc max. 5 Kc max. 250 Kc max. 250 Kc max.
AMPLITUDE (P-P): 6.5V min. 7.5V @ 0.25 7.5V @ 0.25 7.5V @ 0.25 7.5V @ 0.25

RIETIE0.V max. usec* usec: Asec* /isec* SYMBOLI
2 RIS TIM 0.1to 0.5 ptsec 0.25 psec max. 0.25 psec max. 0.25 gsec max. 0.25 pusec max

" ~ INPUT LOAD CHARACTERISTICS:

A,U8 5,150 80,800 80,800 10,100 10,100
C, D t t t t t R R
E, F 5,150 80,800 80,800 10,100 10,100 I

z OUTPUT (each gate) R
AMPLITUDE (positive pulse, P-P) 8V 4.5V 4.5V 4.5V 4.5V C

RSTIE0.4 usec max e input rise e input rise 0.25 psec max. 0.25 Asec max. R
time time &4 CR

PULSE DURATION (nominal) 0.5 to 3.0 p5cC 1.1 psec 1.1 pscC 1.1 usec: 1.1 Asec
R4 CR

LOAD DRIVE CHARACTERISTICS t t I 4C 1

POWER REQUIRED CR5
- 12 VDC ± 10% (peak) 6 ma none none 8.1 ma 3.6 ma

+ 12 VOIC ± 10% none none none 1.8 ma 0.8 maC
OPERATING TEMPERATURE RANGE -45 to -54 to -54 to -45 to -45 to

+65 C +710 C -t71i C +65'C -465-C

SLower amplitudes require faster rise times. t These gates should be used only to drive capacitive loads
t Pulse "And" gates are not recommended as loads for CD such as flip-flops. Max. load = 5 "T" inputs, or 4 "RS"

drivers due to rise-time deterioration (Exception: T-318). inputs.
a For narrow input pulse width.
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iDESCRIPTION F
Design conIsiderationis for these logic circuits wecre similar DC A
to those for the DC "And" gates in that an integral emitterr A
follower is used to provide circit isolation and the ability

tocads wte i almost aycombhination, Two typical T-406 (Dual, 2-input) T-623 (6-input)
each gate operating into 2 more parallel "Or gae for a T-407 (4-input) T-634 (8-input)
tota~l logic load of 6 "Or" gates, and (2) :3 parallel "And" T-442 (3-input) T-635 (9-input)
gatt s with each gate operating into :3 more paraillel "And"164(7ipt
gat s for a total logic load of 12 ''And'' gates.T61 7ipt
TI-4-12 is a 3-input "Or" gate with a 2-stage level restoring
circuit and an emitter-follower output; basically at as- OUTPUT (Each "Or" gate)
cadled comb~inationi of one-hialf of a T1-406, a T1-106, andl Amplitude: Approximately equial to input signal. T-442
a T -111. This unit was designed to provide level restora- Causes Ilegligihle level shift; all other uniits produce
ti in the "C(arry'' linei of parallel adders and subtracters, a level shift of ±0.1\'.
Normally, this level. restorat ion is n ecessary after every Rise Time: For inputs with rise timecs faster than 0.5
third operation. iisec , output rise time is 0.5 psec. max. For slower
ELECTRICAL SPECIFICATIONS input rise time, output rise tim(' equals input rise
INPUT (Each "Or" gate) time. Rise Timec Degradation, depending on input

Signal Frequency Range: 0 to 230 Kc rise time and load: 0.5 to 1.0 psec. maxinium.
Amplitude: -11 V = "0", - W Driv.e Characteristics: These are type CD drivers. C:urve
Input Load Characteristics (all units except T-442) lIV describes dlrive' capabilities.

A, B: W0, 0 Ca~pacitive Loading: F-or capacitive loading, connect a
C, D:5, 255.6KI! external resistor froin output to +12V' supply,

E, F: 90, 0 POWER REQUIRED (Each "Or" gate)
Input Load Characteristics of T-442 - 12V'DC ± 10%: :3.9 to 11 mna depending on load.

A, B: 250, 200 T[-442 requires 12 to 20 mna.
C, D: 25, 400 +1I2V'DC ± 10%. :3.9 to 11 mia depending on load.
E, F: 230, 200 '[-442 require a%. maximumi (of 12 ma.

Unused Inputs: Connect unmused inputs toi pin I OPERATING TEMPERATURE RANGE:
(- 2VDC) -4.5 C' to +65 (C

CR? RI R2

[ 4 CR3QI
CR3 OTPUT

(24 SYMBOL =
________'R3 :R4 RS06 CR5 R)

0RR5 R 117 R 8: 09 !RIO OUTPUT
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T-315 T.421A T-422 T.423A 2npT "nd/320

EXCLUSIVE-"Or" GATES 2-Input 2-Input 3-Input Dual, 2-Input 2-Input Dual, 2-Input
Exclusive-'Or"

INPUT
SIGNAL FREQUENCY RANGE 0OtolI Mc O to 250Kc 0 to 250 Kc 0 to 250 Kc 0 to 250 Kc 0Otol1 Mc
AMPLITUDE (a level shift from:) -1V (1) to -11V(l) to -11v (±-t1) to -1V(±1) to -11V ( 4l) to -11V±1) to

-3V(±0.6) -3V( 1) -3V (±0.6) -3V 0.6) -3V( 4 0.6) -3V(±0.6)
INPUT LOAD CHARACTERISTICS:

A,I1 15,200 35,0 35,0 35,0 15,200 15,200
C,D0 5,25 5,25 5,25 5,25 5,25 5,25
E, F 15, 200 35,0 35,0 35,0 15, 200 15,200

Rise and Fall Time (max.) 2.0 psec 2.5 psac 2.0 psec 2.5 psec 2.5 usec 2.0 Msec

OUTPUT
AMPLITUDE -1V = "10", -11V = "10", 1IV = "0", -1V= "0", -- 1V = 1011, -1V = "0",

LEVEL SHIFT:
Typical -0. 15V -4.15V -0.2V -0.15V -0. 15V -. 15V
Maximum -0.25V --0.25V -0.3V -0.25V -4.25V -0.25V

RISE TIME 0.5 psec max. 1.0 pASec max. 1.0 psec; max. 1.0 11sec max. 1.0 psec max. 0.5uec max.
DELAY TIME, INPUT TO OUTPUT

(See "Description") 0.5 /Asec max. 1.5 Asec max. 2 pisec typ 1.5 psec max. 1.5 psec max. 0.5 usec max.
DRIVE CHARACTERISTICS (Max.) C 200, C =200, C 200, C =200, C = 200, C =200,

D z400 D0=400 D 400 D = 400 D0=400 D =400
POWER REQUIRED

-12VDC ± 10% 8 ma 6 ma 9 ma 12 ma (including "And" 16 ma
section:)

3.9 to 11 ma
depending on load

+12VDC ± 10% 6 me 6ma 8 ma 12 ma 3.9 to 11 ma 12 ma
depending on load

OPERATING TEMPERATURE RANGE -54 to+ ±71 C -54 to +711C -54 to -4 71 C -54 to +±71 IC -45 to +65'C -54 to +71*C

*These specifications are for the "exclusive--Or" section of T-432. For the "And" section of T-432, see DC "And"

01 bb 0203 b b CKFor symbol and schematic
INPT CI IPU'ICR of T-432 see page 55.
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respond to lower-aniplittide iniputs at faster rise times
PUS O"GTSMXRAPIIR buit w~ill not respond to 1 .5V or less regardless of

rise time.

T.40 (-inut) T-42 (-inut)Signal Frequency Range: 250Kc mnaxim-rum.
T40(-nu) T42(-nu)Input Impedance: 27 Opf maximum.T-3 3ipu) T62(9-input) Input Characteristics:

DESCRIPTION A B0 C D
Thsntreral itiple-iniptt pulse ilixlso.,o. ,Ie ith 10 1I 01 0

alntga pulse amplifier to produce standardized output OUTPUT
pulss. npus mx' e ethe votag stps r plse; aAmplitude: 8.5V peak-to-peak positive pulse hrorn

fast-rise-time ou~tput poIISe is produced each ltme anl iniput -1 1VDC to -2.5VDC.
pulse or step is ap~plied to ally of the inputs. Rise Time: 0.4 pusec maximum into a capacitive load.
External R-C inet\%orks and blocking diodes miay be coni- Duration:. 0.5 to 2.0 Itsec
niected to the pin-5 input of T-431 to give additional DieCaatrsis hs r yeAldies uv

mixig caabilty.XI11 describes drive capabilities.
ELECTRICAL SPECIFICATIONS POWER REQUIRED: -I12VDC, ±t10%: 2 m-a quiescent,
INPUT 10 ma peak

Amplitude: Minimumin input is it 7.0-volt positive pulse OPERATING TEMPERATURE RANGE:
or step at rise times as long as 0.8 usec. Circuits will -45*C to +65C

I 1~2V12

(Z. :RI R2 IR3 R4 R15 R6 R7 
2 :Ri2 R 4R

RU U ~ SCHEMATIC

04 --- ~~ 0 MRb Q UPUT b Q

R - YMBOL R
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DESCRIIPTION "AdP ATE
*T-432 is it doal logic unit contsistinig of at 2-itiptit D(: "And"' I

galte ito a 2-iniptit LExc ltsku -011 gaite. Specificationis loi- T-32 T-33 T-3, -5
P ~the "Excl isiv~e-O11' sect jot arct cotntain ed oil tlic *'Exclui-

si\vC-Oli" (data shieet clsc\hciec if] this catalog.
T-433 is af dual logic titit that conttains it 2-itiput DCI
"An d" gate atnd a 2-i pitt D(: "Of)t gate. TI is un it is T-65:3 is at duial logic tiit \wi ieli cotnsists of af 2-ittpot
lIasieally ot-liali of a 'T-40 atId ot Je-lha Of a '1406 D( T'L "And"i' gate and ici 2-it pit D(:'I'L "Of'' gate. The

T-434 is a duil 2-inttput IX( "Andc" galte- \ith "Or'eii" ouit- circuits are sin-ilar to thoise discussed ott the data sheet

puit. If' the itnputs ate clinted ats A spit 2 , B (pitn 3), C, descrihitig other DCTL logic tunits. Essetially, this unlit
(p in 4), atnd D) (pit 5), tIc ti l t ti e t it is logically diefin ed is one-h alf of at T-641I atndc on e-h alf of at Tr-42.
ats AB3 I ('D.

T.432 T433 T-434 T453
"AN", "R"GAES2-Input "And",'2-input 2-input "And1/2 inpiut oie Dual 2-input "And" DCTL logic 2-input "And"/
"N",AR"ATS"Exclusive-Or" with"Or'ed" output 2-Input "Or"

INPUT
SIGNAL FREQUENCY RANGE 0 to 250 Kc 0 to 250 Kc 0 to 250 Kc 0 to 250 Kc
AMPLITUDE -11V -"0", -3V -~zI" -11V ="0",-3V =1" -11V -- "0',-3V ="I" -1V = "O",-3V ="1"
INPUT LOAD CHARACTERISTICS:

A.11 80,0 80,0 90,0 And: 10, 0 Or: 10, 25
C. D 5p,25 5,25 5,25 And: 8, 0 Or. 5,25
E, F 80,0 80,0 90,0 And: 10, 0 Or: 10, 25

OUTPUT
AMPLITUDE (approx) ***equal to in put
LEVEL SHIFT +j0.4V And: +0.4V Or: +O.lV -03V And: +0.3V Or: -0.25V
RISE TIME (depending on input

rise time) 0.5 to 1.0,usec 0.5 to 1.0,usec 0.5 to 1.0 ,usec 0.2 psec max
DRIVE CHARACTERISTICSt CD type IV CD type IV CD type IV And: CD type IV

Or: EF type VII I
POWER REQUIRED

-12 VDC ± 10% each gate each gate
(depending on load) 17 ma 3.9 toll1 ma 4.5 to 13 ma 4.9 to 18 ma

+ 12 VDC ± 10%
(depending on load) 17 ma 3.9 tol11 ma 4.5 to 13 ma 3.9 toll ma

OPERATING TEMPERATURE RANGE -45 to -L,-65 C -45 to +651C -45 to+65cC -54 to +71 IC

'Specifications for "Exclusive-Or" section are on table titled "Exclusive-Or" Gates
tWhen "And" gates are to drive capacitive loads, connect an external 5.6 KR3 resistor from output to 12V supply.

*For inputs with rise time faster than 0.5 usec., output rise time is 0.5 Itsec. max. For slower input rise times, output rise time equals input rise time.
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U
-N- provides both inversion and level restoration. Outputs are

T 8 Tfrom an integral PNP emitter follower and thus no inter-
stage coupling element is necessary between gates or

DESCRIPTION between gates and amplifiers. I
DTL circuits used overcome a major short-coming of q

"Nor" and "Nand" Gates are versatile logic circuits which conventional R-C input circuits in the "Nor" gates. That
provide "not-Or" ("Nor") and "not-Ahd" ("Nand") func- is, when one input signal is at the "1" level and the re-
tions. For example, NOR Cate T-437 consists of a 4-input maining inputs are all switching simultaneously, the output
"Or" gate operating into an inverting amplifier. The inverter will remain in the "0" state.

T.308 T437 T438 T445

"NOR'/"NSND"GATES (4.input "Nor") (4-input "Ne") (4-input "Nand") (7-4nput "Neel)

INPUT
SIGNAL FREQUENCY RANGE 0 to I Mc 0 to 250 Kc 0 to 250 Kc 0 to 250 Kc
AMPLITUDE (±IV) -3V ="1" -11 V =0" -3V ="1" -l1 V ="O" -3V =-"l" -11 V ="0" -3V ="i" -11 V ="O"
RISE TIME .05 to 0.2 psec 0.1 to 1.0 ,sec 0.1 to 1.0 psec 0.1 to 10 jsc
INPUT LOAD CHARACTERISTICS

A, B 30,50 20,100 70,300 30,50
C, D 100, 100 100,100 5,25 100,100
E, F 15,20 5,20 70, 300 5,20

OUTPUT
AMPLITUDE (unloaded, ± IV) -3V to -IlV -3V to -11V -3V to -V -3V to -11V
MAXIMUM RISE TIME (under typical

load, less loading will yield
faster rise time) 0.2 psec 1.0 jsec 1.0 ,sec 1.0 psec

DRIVE CHARACTERISTICS EF type XV* EF type XVII* CD type IVt EF type XVII*
POWER REQUIRED

+12 VDC(± 10%) 1.0 ma 0.5 me 5.5 me 0.5 me
-12 VDC( 10%) 7.5 ma 6.0 me 9 ma 6.0 me

OPERATING TEMPERATURE RANGE -55 to +71 C -54to+71oC -54 to +71°C -54 to +710C

When driving capacitive loads, connect a 5.6 K external resistor from output to -12V supply
tWhen driving capacitive loads, connect a 5.6 K2 external resistor from output to -- 12V supply.

1 - 12V 1 -12V

CC
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CI!4 bSYMBOL

CI: 16 , C SYMBOL + 12V Cl0
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DESCRIPTIONIL
T-104 and T-314 al e general-purpose miultivibrators used
to geil(rate 5(Illdlc, \vave anid thife-baise freqiiiiicies. The
operatiing frequien cy is established by use of external to miultiply an input 5Kpps pulse rate to a 25Kpps output
timling capacitors. Equations whlich describe thle approxi- pulse rate, charging capacitors C,~ would be selected such
miate relationship Ibetwveen period of oscillation T (ill psec) that the circuit wvould free-ron at approxim-ately 24.7Kc.
and tile value oif tw\o external capacitors C' (in pf) arnlput 5Kpps pulses then force the circuit to operate at 25Kc.
as follo\ S; The chart belowv defines thle nomninal harmonic relation-

T-1I04 T-31 4 ship of the synchronizing (locking) signal to the MV out-
CX -45T-28) X -75(-1)put. Figures shlown in the right-hand columin are the

C\ I 04 5(- c 6n oCeat in5(-1 eihrafe-ouiigo ho- percentage deviations (fromn the free-running frequency)
T-10 (-ll perae i eihera fre-rnnig ora snchon- over wvhich reliable locking can be obtained.

ized miodle; T-3 14 has no0 provision for external s\:uchronm-SYCFE-U FRQ LOKN RA E
zation. Addit ionaIlly, to provide freqluency nuiltiplication SYCFE- NFE. LCKN.AG
T-10)4 can be synichronized by ali input frequienicy somue- F 0 to -420%

h\1at lowver than thle freqluency of oscillation. Frequlency 2F 0 to + 12%
niultiplication by factors of 2, :3, 4, or 5 are possible at f 2 0 to +7%
output rates as high as 150 Kc. This is accomnplishied by f :3 0 to +4.5%
using the input pulse rate to synchronize the-muiltivibrator* f 4 0 to +3.5%
ait a freqluency slightly higher than the free-running fre- f 5 0 to ±2.5%

quecv l te mltwbxaor.11 brexaple itis esiedWhen locked at 2F, output loading is restricted to pin
8 ondy.

T14T16T-167 T-314
MULTIVIBRATORS T-104 -liss)(n-ht

INPUT
SIGNAL FREQUENCY RANGE 0 to 325 Kc 0Oto 250 Kc 0Oto 250 Kc - No Input -

Natural frequency is
1 Mc (+0.3 Mc

AMPLITUDE:to-. 
C

Will respond to positive pulse
inputs of: 6.OV or more 6.OV or more 6.OV or more -NA-

at rise times up to: 1.0 11sec max. 1.0 Asec max. 1.0 'psec max. -NA-
Will not respod to Inputs of: 1 .5V or more 1.5V or more 1.5V or more -NA-

regardless of rise time.
Maximum amp~td 9V 9V 9V -NA-

RISE TIME: O.lto 1.0 ,isec* 0.1 to 1.0 usoC 0.1 to 1.0,psec* -NA-
INPUT LOAD CHARACTERISTICS:

A.,I 10,100 10.100 10,100 -NA-
C, D 8,75 8,75 8,75 -NA-
E, F 10,100 10,100 10,100 -NA-

OUTPUT
AMPLITUDE (nominal level shift from:) -IVY to -3V -IIV to -3V -iv to -3V -ily to -3V
RISE TIME (nominal, under typical load) 0.4 usec 0.5 JAS,.C 0.2,usec 0.3 sc under

max. load at 100 Nc
FALL TIME Approx. 25% of period pin 7: Noeiinal Pin 7: Nominal 1.5 #sec 0.2 ssic max.

20% of pulse duration Pin 8: Nominal
Pin 8: Nominal 1.5 ,usec 20% Pulse duration

PULSE DURATION See Description See Desciption See Description See Desciption
Miulmum Period 2.6,asec typical Approx. 2.0 £050c 1.5 psec 1 sctt
MaimumPOWe 60 sect I sect I osc 10msctt

DUll CYCLE
To 50 Nc -NA- 70% max. 70% max. -NA-
T. 250 Re -NA- 50% max. 50% max. -NA-

LOAD DRIVE CHARACTERISTICS AB type XIl AB typeoXI AB type XI AB typeoXIX
POWER REQUIRED

-12 VDC±_t10% 5.5 m 7 ma 5.5 ma 22 me
OPERTING TEMPERATURE RMNE -5to +65, C -~45to +65*C -45 to +651C -54 to +71 C

*For inputs with rise times slower than 1.0 usec, use an external tt The period miy be decreased by use of external resistors con-
capacitor of appropriate size and connect to direct input. nected across pins 3 and 1 and pins 5 and 1. Minimum values

t Equation in DESCRIPTION valid only for periods up to I second. for these resistors are 10 N12. The value of these resistors should
t Fo duy ccle gratertha 50, plseduraionis horer.be determined experimentally for the desred period between 1

For utycycls geatr thn 5%, ulsedurtio is horerand 10 usec. Dynamic values of resistance may be used to
frequency- modulate T-314. cniudo etpg
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LA
DESCRIPTION
These units are transistorized crystal-controlled oscillators
which have square-wave outputs at the crystal resonant
frequency. These units are normally supplied without crys- These ovens are available with a choice of two heater
tals but, as a service, EECo can supply certain specific voltages; H-149-1 and H-150-1 have 115V AC/DC
crystals from stock; these crystals are described in the heaters and H-149-2 and H-150-2 have 28V AC/DC
paragraphs which describe specific circuits with which heaters.
they can be used. Special crystals for other frequencies Frequency Trimming to achieve small changes in operating
can be supplied, but, a 3-month delivery is normal and frequency are permissible by addition of an external capaci-
these crystals must be quoted by the factory. When tor CA or Co as shown in Figure 1. Table 1 present some
requesting a quotation, please state operating frequency, typical frequency changes for values of CA and C.
"spot" tolerance, frequency stability, and ambient tem-
perature range.
To achieve maximum stability, an oven should be used
to contain both the circuit and the crystal. These ovens CRYSTAL CA

are also described in the paragraphs which describe the
specific circuits with which they can be used. *ic e

T-1 07consists of a two-stage saturated feedback ampli-
fier with an NPN emitter follower output. The unit, when
used with an appropriate crystal, is capable of operating
anywhere within the frequency range of lOKc to 75Kc.
(For operation in the range of lOKc to 45Ke, jumper pin
4 to pin 5.) The crystal is used in a series resonant mode FIG. 1. Frequency Trimming Method
to achieve maximum stability and acts as the coupling
impedance between the output of the second amplifier Table 1. Frequency Change
stage and the input of the first stage. Since a full 360" vs. Trimming Capacitance (T.107)
phase shift occurs through two cascaded common-emitter
transistor amplifiers, the circuit oscillates without appreci- A F CA CS
able phase shift or attenuation through the crystal.
H-145-31 is a 10Kc crystal which can be used with T-107.
Specifications for this crystal are as follows: +0.0010 170 NO CONNECT.

Drive Level: 0.1 milliwatt +0.0005 400 NO CONNECT.

Maximum Motional Resistance: 100K11 +0.0002 700 NO CONNECT.

Frequency: 10Kc -0.0002 Jumper 160

Calibration Accuracy: +0.000%, -0.004% -0.0005 Jumper 300

Reference Temperature: +70"C -0.0010 Jumper 500

Max. Temp. Coeff. at Ref. Temp.: -4 parts per
million per *C

Holder Type: MC-13A
Type of Cut: +5*X

To achieve a maximum frequency stability of ±0.0005%,
both the T-107 and the associated crystal should be
installed in an oven. Two ovens can be used with T-107; T-127consists of a Butler oscillator circuit with an NPN
H-149 when operating in the frequency range of 10Kc to emitter follower output. The unit, when used with an
45Kc, and H-150 when operating in the frequency range appropriate crystal, is capable of operating anywhere
of 45Kc to 75Kc. These ovens are contained in rectangular within the frequency range of 75Kc to 250Kc. The crystal
packages which plug into octal tube sockets and basic is used in a series resonance mode to achieve maximum
specifications are presented below, stability and acts as the coupling impedance between the
SPECIFICATION H-149 H-150 two stages of the Butler circuit. Since one stage is a
Operating Temperature +70"C(-I') +70C(--1-) common-collector circuit and the other is a common-base

circuit, ( a 0' phase shift through the cascaded CC-CB
Temp. Stability: stages) oscillation occurs without appreciable phase shift

slowly-varying ambient -01"C tI*C or attenuation through the crystal.
H-146-2 is a 10OKc crystal which can be used with T-127.

Ambient Range -54 to -54 to Specifications for this crystal are as follows:
+65C +65C Drive Level: 2 milliwatts

at -54C ambient 15 min. 15 min. Maximum Motional Resistance: 2.5Mfl

Power Consumed 40 watts 40 watts Frequency: 10OKc

External Dimensions (approx. Calibration Accuracy: +0.000%, -0.002%

length x width x 2-1/4" x 2-1/4" x Reference Temperature: +70"C
seated height) 2" x 3-5/16" 2" x 3-5/16" Max. Temp. Coeff. at Ref. Temp.: -2.5 parts per

Cavity Dimensions (approx. 1-3/4" x 1-3/4" x million per "C
length x width x height) 1-3/8" x 1-3/8" x Holder Type: MC-13A

2-1/4" 2-1/4" Type of Cut: +5"X continued on nextpage



UCRYSTAL-CONTROLLED OSCILLATORS

T-127 (continued)

To achieve a maximum frequency stability of -0.0003%
under maximum combined variations of temperature,
supply voltage, and load, both the T-127 and the associ-
ated crystal should be installed in an H-150 oven.
Characteristics of this oven have already been described.
Frequency Trimming with an external capacitor can be
accomplished as shown in Figure 1. Table 2 presents some
typical frequency changes for values of CA and Cit.

Table 2. Frequency Change
vs. Trimming Capacitance (T-127) T.311 consists of a Butler oscillator circuit, a PNP satu-

F CA CS rated amplifier, and a PNP emitter follower output circuit.
(of) () This unit, when used with an appropriate crystal, is capable
()_ ()of operating anywhere within the frequency range of

+0.0010 0.003 NO CONNECT. 250Kc to 1Mc. (For frequencies below 900Kc, jumper pin
+0.0005 0.007 NO CONNECT. 4 to pin 5. For frequency of 900 Kc and above, jumper pin

-0.0005 Jumper 0.003 1 to pin 2.) The crystal operates in a series resonant mode

-0.0010 Jumper 0.005 to achieve maximum stability and the circuit operates
similarly to T-127.
H-160-10 is a IMc crystal which can be used with T-311.
Specifications for this crystal are as follows:

Drive Level: 2 milliwatts
Maximum Motional Resistance: IKU
Frequency: 1 Mc

T-140 consists of a two-stage saturated feedback ampli- Calibration Accuracy: ±O.001%
fier and a two-stage squaring amplifier. The unit, when Reference Temperature: +70"C
used with an apropriate crystal, is capable of operating Max. Temp. Coeff. at Ref. Temp.: ±t I part per million
anywhere within the frequency range of Kc to 10Kc per 'C
(For operation in the range of lKc to 2Kc, jumper pin 3 Holder Type: MC-6A
to pin 5; for 2Kc to 5Kc, jumper pin 4 to pin 5; and for Type of Cut: AT
5Kc to 10Kc, no jumper is required.) The crystal is To achieve a maximum frequency stability of ±.0003 %
operated in a series resonant mode to achieve maximum (3 parts in 10"), both the T-311 and the associated crystal
stability and the circuit operates similarly to T-107. Crys- should be installed in an oven. Two ovens can be used
tals to operate at frequencies as low as 1Kc are very with T-311; H-149 when operating in the frequency range
difficult to procure because of the relatively large size of of 250Kc to 899.99Kc. and H-150 when operating in the
the crystal. However, 11-167-8 is a IKc crystal which can frequency range of 900Kc to IMc. Characteristics of these
be used with T-140. Specifications for this crystal are as ovtns were described in the description of T-107.
follows: Frequency trimming with an external capacitor can be

Ddve Level: 0.1 milliwatt accomplished as shown in Figure 1. Table 4 presents some
Maximum Motional Resistance: 200KU typical frequency changes for values of C, or Co.

Frequency: 1.OKc Table 4. Chan
Calibration Accuracy: ±0.005% Trbme 4.cFrequency (ge
Reference Temperature: + 20"C vs. Trimning Capacitance (T-311)
Max. Temp. Coeff. at Ref. Temp.: ± 1 part per million A F CA Ca

per *C MAo
Holder Type: T-500 +(0) 0.0006 NO CONNECT.
Type of Cut: +5*X +0.000 0.0015 NO CONNECT.

Frequency trimming with an external capacitor can be +0.0005 0.0015 NO CONNECT.
accomplished as shown in Figure 1. Table 3 presents some -0.0005 Jumper 0.0003
typical frequency changes for values of CA or Co. -0.0010 Jumper 0.0006

Table 3. Frequency Chmp
vs. Trimming Capacitance (T-140)

AF CA Ca
M% (01) (PA)

+0.0010 0.003 NO CONNECT.
+0.0005 0.005 NO CONNECT.
+0.0002 0.01 NO CONNECT.
-0.0002 jumper 0.01
-0.0005 Jumper 0.02
-0.0010 Jumper 0.05



U
CRYSTAL CONTROLLED OSCILLATORS T-107 1.127 T-140 T-311

OUTPUT
FREQUENCY RIMSE 10Kc to 75Kc* 75 Kcto 250Kc 1 Kc tol10Kef 250 Keto IMc*
TFREQUENCY STABILITY: tt

Circuit only ±0.005% ±0.001% ±0.001% ±0.002%.EWith Unit and Crystal in Oven ±0.0005% ± 0.0003% ± 0.0005% 0.0003%.
AMPLITUDE: 8V level shift from -11 to -3V -11 to -3V -IIV to -3V -11 to -3V
RISE TIME: (usac) 0.1 to 1.0 0.4 to 1.0 0.05 to 1.0 0.05 max.

LOAD DRIVE CHARACTERISTICS EF type XVI I EF type XVI I AB type I AB type XX I
PWR REQUIRED

-12 VUC ± 10% 7 ma 10 me 2Oma 12 ma
OPERATING TEMPERATURE RANG -54 to ±71 C -54 to +71oC -54 to + 71 'C -54 to +710 C

0For operation in range 10 Kc to 45 Kc, jumper pin 4 to 5.
t For operation in range I Kc to 2 Kc, jumper pin 3 to pin 5; and for operation in range 2 Kc to 5 Kc, jumper pin 4 to pin 5.

fFor operation at frequencies below 900 Kc, jumper pin 4 to pin 5 and for operation in range 900 Kc to 1 Mc, jumper pin

ft Short term stability due to maximum combined variations of temperature, supply voltage, and load.
*±0.001% if temp. limits are -201C to +71'C.

-12V

h l ::R2 :113 a :R2 __14a

R4 2k14e 
l Q4 Q

36 4jpj

A2 R IO All 312 CA RIO

-- R------------------- CRYSTAL
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BLOIN OILAO T 1

DESCRIPTION
T-110 is a blocking oscillator using two transistors in a
monostable circuit. When triggered, the T-110 generates

sharp positive pulse capable of driving a heavy capa-

ELECTRICAL SPECIFICATIONS
INPUT:

Signal Frequency Range: 0 to 250Kc
Trigger Amplitude:

Minimum: Will always operate on positive-going pulse
of 6V or more at rise times as long as one micro-
second. Faster rise times will allow lower-amplitude
trigger signals but the circuit will not trigger on
any positive-going pulse of 1.5V or less regardless
of rise time.

Maximum: 9V P-P
Rise Time: 0 1 to 1.0 psee
Input Load Characteristics:

A, B: 25, 100
C, D: 30, 130
E, F: 25, 100

OUTPUT:
Amplitude (unloaded): 8V P-P from -11VDC to

Polarity: Positive
Rise Time: 0.1 Ascc to 0.8 usec depending on load
Duration: 0.5 to 2.0 usec depending on input ampli-

tude (Pulse duration is narrower with lower input
amplitudes.)

Load Drive Characteristics: This is an All type driver
capable of driving 1000 A units and 5000 B units.

POWER REQUIRED: -12VDC t,10% at 12 ma quies-
cent and at 40 ma peak.

OPERATING TEMPERATURE RANGE: -45 to +65 0C

SYMNSOL

R2L

to i 
c 5

R-9
I 3 c !



DESCRIPTION _ ___

Reset Generator T-109 is dlesigned to reset (or set) T-Series RESE GEEATR T 19 T 2
type flip-flops and Reset Generator T-129 is designed to
reset N-Series type decades.
In use, the T-109 output is applied to the direct reset (or case, does so by saturating one transistor in each N-Series
set) input of the flip-flops concerned. When an ON signal flip-flop (Refer to "Use of Reset Generators" in the
(nominally -3VDC) is applied to the T-109, one of the "Family Information" section of this catalog.)
transistors iii each flip-flop is held in a cut-off condition The standard input for these units is an 8-volt DC level
suspending normal flip-flop operation. When an OFF shift (-11 to -3VDG) such as would be obtained from a
signal (nominally -11 VDC) is applied to the T-109, the flip-flop, one-shot, or gate. Push-button switches can also
flip-flops w~ill respond normally to input signals. Trhe be used if care is taken to avoid "contact bounce" prob-
T-129 similarly suspends operatio)n of decades but, in this lems. Pulse resetting may also be employed.

RESE GEERAORST-109 T-129
REE EEAOS(for T-uerles) (fer N'seie)

INPUT
SIGNAL FREQUENY RANGE 0 to 250 Kc 50 Kc max with N-Series
AMPLITUDE:

Direct Input (Leael Shift) min: -9 to -4 VDC min: -9.5 to -4 VDC
max: -2 to0YDC max: -12 to 0VDC

Pulse lnow
Minimum Pulse or Level Shift 7V P-P through external 7V P-P through external

capacitor to pin 3 capecitor' (470 pf capecitor-
SYMBOL 15 jAKe output puls)

Rise Time 0.1 to 0.6 psec 1.0 AmC max
2Add connections necessary: (1) 33 Kfl external resistor (1) None

2~em m P~between pins 3 and 6
-- 0& (2) External jumper between

pins l and 2

T-1 29 INPUT LOA CHARACTERISICS
_______________Alpin 2: 5.50 10.25

pin 3: 30, 50
C,D0 pin 2: 5,25 5,25

pin 3: 5, 25
E, F pin 2: 5,50 10.25

_________________pin 3: 10, 25

SYMBOL OUTPUT
2 AMPLITUDE (Levl shift frm:)

Unleeded -5 to --0.3 VDC 0Oto -12 VDC
-=0w7Max ULed -4 to-0.3 VDC 0 to-4 VDC

3 -- I - ~ DURATIO I /Asec min. to DC 15 ~Am min. to DC
RISE TIME (Nominal) 0.5 /ASeC 0.OWseT1 09 FALL TIME (Nominal) 0.5 ,ssec Dc Input: 1 Ame

AC Input: 'A inpuat pulse width
LOAD DRIVE CHARACTERISTICS AB Driver Max A = 100 $All Driver Man A =1000

Max B=200 Ma 8=2000
POWER REQUIRED

-12VDC ± 10% quiescent: 3 ma quiescent: 20 ma
during reset: 7 ma durfng reset.~ 13 ma

+12DC 10%None Ism
OPERAT"N TEMPERAuRE RIIME -45 to +65oC -84 to +7VC

*When loaded with less than 3 decades, Insert 1 KU resistor in series with output.

T-12V

QI C

.1AV



_ELECTRICAL SPECIFICATIONS

G R O T OUTPUT:
Voltage Level: -7.5VDC (_ 1 .0V)
Regulated Output Current:

DESCRIPTION No Jumper: 0 to 8 ma
T-123 is a shunt-type, regulated, negative 7.5-volt supply. Jumper between Pins I & 2:12 ma I
A medium-power zener diode is used yielding low output Jumper between Pins 1 & 2 & 3:18 jna
impedance and good regulation. Three ranges of regulated Impedance: Approximately 101
current are available by means of ati external jumper. POWER REQUIRED: -12'DC -t10%
The usual application for T-123 is to supply bias for neon No Jumper: 22 ma
type Minisig indicators when they are used with T-Series Jurpcr between Pins I & 2:44 ma
units. This bias shifts the Minisig operating characteristics Jumper between Pins 1 & 2 & 3: 66 ma

to accommodate the output signal levels of T-Series cir- OPERATING TEMPERATURE RANGE: -45 to +650C
cuits. Table I lists permissible neon Minisig loads for the
three current ranges established by an external jumper.

Table 1
Load Units No jumper Jumper Jumper Pins

Load UisPins 1 & 2 1, 2, & 3

-g-121
R-201 :s~oR-121 6 13 20

R-201 3 6 10 Rl SYMBOL

I.CR1

,COMMON

L 
7

DESCRIPTION
This unit provides -3VDC and -IVDC bias voltages.
The circuit has been designed to draw current to a posi-
tive source; if it is desired to draw current to a negative SYMBOL
source, it will be necessary to balance the load by drawing
on equal current to a positive source. 38 39 II 32 i 1

ELECTRICAL SPECIFICATIONS I 15 RZ

OUTPUT:
Amplitude: -3VDC (±L0.3V) at Pin 7 and -lVDC 02

(-0.5V) at Pin 8.
Loading: -3VDC output: 90 ma maximum .

-IlVDC output: 20 ma maximum 34 35 36 v

POWER REQUIRED- -12VDC ±t 10% at 275 ma
OPERATING TEMPERATURE RANGE: -54 to +71°C r

I

L i



T-Series and CT-Series plug-in transistor digital circuit modules

U related equipment section

This section of the catalog presents information
on related equipment which can be used with T
and CT-Series circuit modules. This includes:
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T-Series Breadboards and
Training Equipment .................... 67

Power Supplies ...................................... 71
T-Series Panels and Chassis ............. 77
T-Series Hold Down Hardware .......... 77
CT Hardware .................................... 80
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U related equipment
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/Poly,

This equipment provides a means of rapidly building a minimum of external test equipment is reqluired.

and testing alternate ways of formulating digital elec- This equipment is available in either a rack-mounted
tronic systems or portions of a system. T-Series units version (H-180) or a suitcase-mounted portable version
to be tried are plugged into sockets on panels. These (H-181). Because the complement of T-Series units
sockets are permanently wired to groupings of banana and number and kind of accessories required varies
jacks immediately underneath'the sockets. Plastic cir- for different users, these equipments are quoted in
cuit symbol cards for each unit type showing circuit terms of dash numbers. For example, H-1801- may
symbols, input and output connections, etc., fit over contain things that are not necessarily in H-180-2 and
the group of banana jacks exposing the proper pattern vice versa. The purpose of these dash numbers is to
for the unit to be connected in the system. Signal con- allow the large number of items which can make up
nections are then made by patching card-to-card in a given kit to be purchased under just one part num-
the line-up being tried. No soldering is necessary ber and, thus, minimize purchase order paperwork.
(saving engineering time and breadboard materials) When you have a requirement for a digital system
and the symbol cards provide means for raliidly visual- breadboard kit, contact either your local EECo rep-
izing the system or drawing a system diagram. resentative or the applications engineers at our factory.
This equipment can be built up in stages to any de- These people will work with you to establish your
sired degree of complexity and the system may be needs and then specify the complement you require
operated slowly to permit detailed observation of each and assign a dash number which defines your kit. The
mode of operation. Indicator panels provide light indi- following paragraphs identify components of the
cations, where desired, to show circuit states and, thus, suitcase-mounted and rack-mounted equipments.



Votaes$~b, erelated equipment
Voltages available are:

+12VDC, I anip
--12VDC, I amip

+150VDC, 15 ia (optional)

-100VDC, 15 mia (optional)
-7.SVDC, 18 ma (optional)
-3VDC, 90 ma ax. to a positive source
- 11VDC, 90 ma max. to a positive source

PHYSICAL SPECIFICATIONS
Dimensions: Aprroximately 36" high x 23" wide x 12"

thick.

Weight: Approximately 80 pounds including plug-in cir-
cuits and accessories.

Material and Finish: Dark blue Fiberglas with brushed

aluminum and chrome plated fittings.
Casters: Four rubber-tired casters, permanently mounted.

Ii~~ J:(, 11'\11,\ IM(L 1, I 1) I\ Z-9J7221

T-918 and T-958 Indicator and Tie Point Panels (2 Each)
1%"x 19", with 8 Minisig indicators and 8 dual binding0 ,, al 8r',,dh93rd As,emtiy Z 97221 posts for external parts such as resistors, diodes, capacitors,acc'a r~~A~m~y272 ots orleterna Rts4 suchias itors, diodes aacimdtrs
etc. Indicators light when input signal is -3 volts. T-918
accommodates R-34 1 indicators; T-9.58 accommodates
R-342 indicators. (R-341 draws power mainly from -12
volts and R-342 draws power mainly from +12 volts.)

-, ". -- R.1"

Tr ',13' ;ra .d, t11 a,,d Ti Fui,[ ..e;

T-958 Indicator and Tie Point Panel

T-927 Systems Development Panel (4 Supplied)
Digital Breadboard Kit H-181 is composed of digital 51/4" x 19", with eight 9-pin and eight 13-pin sockets. Each
bread-board assembly Z-97221 plus selected T-, N-, U-, panel accepts up to 8 circuits at one time. H-159 socket
and M-Series circuits and circuit cards. Digital bread- adaptor is necessary for use with N-Series modules. Power
board assmbly Z-97221 is an integrated system of bread- conmections are permanently wired to the sockets and
boarding panels for systems made up of digital circuit other circuit conections are wired to the banana jack
modules. The assembly is contained in a EECo case grouping immediately below the sockets.
mounted on casters for ease of portability and includes
patch panels, indicator panels, a signal generator panel, *O'OO ' %W %%e@f#U '
power supplies, and storage facilities for plug-in circuits,
patch cords, and accessories. The assembly may be used z 0 1
in any location where 115VAC is available; and, since o . O O
auxiliary test equipment is not ordinarily required, the 's 6 a 00 4 a 4 00 eO ** T
H-181 is a self-sufficient portable design laboratory. The
unit can be locked and stored when not in use. T-927 Systems Development Panel

ELECTRICAL SPECIFICATIONS T-965A Signal Generator Panel (1 Supplied less plug-ins)
Input Power: 115VAC -10%, 60 cps; maximum of 30 134"x 19" with:
watts. Line frequency may be 50-400 cps if - 100VDC a. x 19" with
or +100VDC power supplies are not operated. Line cord a. 8 toggle switches for manal insertion of data bits.
is approximately 15 feet long and has a standard 2-prong b. 8 Minisig indicators to show settings of these toggle
plug. switches.
Capacity: The assembly includes 4 T-927 circuit bread- c. Socket for T-104 and 5-position rotary selector
board panels, each of which can accommodate up to switch for generation of timing waveform.
eight circuit modules. Thus, this assembly can be used to d. 2 Minisig indicators to show state of this timing
breadboard systems of up to 32 modules. (H-159 adaptors waveform.
are necessary to use N-Series modules.) e. Push-button switch for DC reset signal.
Supply Voltages Available: Power supply panel Z-97432 f. Push-button sitch and socket for T-5089 One-shot
provides regulated power for use with any standard MV for generation of single clock pulses.
T-Series, N-Series, M-Series UB-Series, or R-Series unit.
Voltages from this power panel are cabled into the circuit
breadboard panels via assembly cabling and are also-
available for test purposes or external patching purposes T. -0'11
at jacks on the power panel. T965A Signai Generator Panel



* related equipment
Storage Boxes Patch Cords
The T-946 circuit storage box pi'ovides shock resistant Patch cords H-106 through H-120 are available in 8", 12",
storage for up to 96 T-Series circuits. The T-947 accessory and 18" lengths, and in black, red, green, blue, and yellow,
storage box is a partitioned container for storing circuit to facilitate circuit interconnection identification. Black
cards, patch cords, component plugs, etc. patch cords are also available in 4" lengths as H-101. (For

specific part numbers see Price List.)
Power Plugs
T-920 power plugs are black dual banana plugs with a
shorting bar between pins. These are used to make +12
volt and ground connections on T-927 panels.

Component Plugs
Component plugs are available in red (T-928), yellow

T 9 r(T-929), and blue (T-930). These are similar to the T-920
I 946 Circuit Storage Box power plug but do not have a shorting bar. Component

plugs are used with the T-918 and T-958 panels to hold a
resistor, capacitor, or diode, and are mounted betweendual binding posts.

Digital Breadboard Kit H-189 is a smaller version of Kit
H-181. The case contains a T-965A Signal Generator
Panel, 3 T-927 System Development Panels, 2 T-958
Indicator and Tie-Point Panels, and a Z-101663 Power
Panel Specific kits also contain selected T-, N-, and UB-
Series circuit modules and accessories; dash numbers are

Accessory Storage Box assigned, as previously described, to define each specific
kit.

\ ( I:( Iv•( uI I (Not included in Z-9722 1)
Plastic Circuit Symbol Cards
Plastic cards corresponding to specific T-Series circuit
modules are imprinted with circuit symbols showing
input and output connections, power connections, part .... .. ....
numbers, etc. . . : : :
Perforations in the circuit cards match with banana jacks "
on the T-927 circuit panels. These cards facilitate patching * .
circuit interconnections, visualizing the system, drawing a 1: : I :
system diagram, and detennining the cost of a system.
Circuit cards are available as T-919/xxx, where xxx is the .
appropriate circuit number. For example: T-919/101B is : . :. .. . : 
a circuit card for flip-flop T-101B.

Suitcase Mounted
Equipment H-189

0

Typical Plastic Circuit Symbol Card Power Panel Z-101663



related equipment
ELECTRICAL SPECIFICATIONS ,

Input Power: I15VAC ±10%, 50 to 400 cps. Maximum o
power drain is 30 watts. Line cord is 15 feet long and . • : • 0 0000
has standard 2-prong plug.
Capability: The assembly includes 3 T-927 circuit bread-
board panels, each of which can accommodate up to eight 6 V 6. 0 " V ko
digital modules. Thus, systems of up to 24 modules can o"

be handled.
Supply Voltages Available: Power Panel Z-101663 pro- s t o - o ! 0!, • o - ! -... t *
vides regulated power for use with any standard T-, N-,
and UB-Series units. Voltages from this Power Panel are M " I 1"Wr
coupled to the circuit breadboard panels via assembly , 40 C 00 600 0€ 64V,07'
cabling and are also available for test purposes or for 00e ..... 0 .. .... *s." .
external patching purposes at jacks on the power panel. :: : - " '0 -" " "
Voltages Available Are. • - o s • - . 06 • .!0

+12VDC -6VDC
- 12VDC -3VDC
+6VDC - 11VDC *Oeo ieo 0 O" O .O

PHYSICAL SPECIFICATIONS : : : " :f o
Dimensions: Approximately 24" high x 20" wide x 9" • •

thick. o. - 60t . *e 1o.-o6.o

Weight: Approximately 40 lbs. including plug-ins and
accessories.

Material and Finish: Dark blue Fiberglas with brushed
aluminum and chrome plated fittings. . 00 e 00 -

Casters: Four rubber-tired casters, permanently mounted.

Z-97597A
S EI P 1 This rack forms a nucleus of several breadboard assemblies

; Lmade up of the Z-97597A and one or more Z-97598 auxili-
ary assemblies. Inter-rack cabling feeds power from

Rack-Mounted Digital Breadboard Kits H-180 are com- Z-97597A to the companion Z-97598 assemblies. In
prised of rack-mounted assemblies Z-97597A, Z-97598, addition to the power supply, Z-97597A contains a T-965A

and Z-97599A plus the accessories described for digital signal generator panel, one T-918 and two T-958 indicator

breadboard Kit H-181. The rack-mounted digital bread- and tie point panels, and three T-927 system development
board assemblies form an integrated system of breadboard- panels.

ing panels for circuits made up of EECo digital modules. PHYSICAL SPECIFICATIONS
These assemblies are mounted in racks for laboratory or Dimensions: Approximately 32" high x 21" wide x 17"
classroom use and include: Power supplies, breadboarding deep.
panels, indicator panels, signal generator panel, and system Finish: Rack is gray wrinkle; panels are gray baked
cabling. enamel.
Each assembly is intended primarily for experimental ELECTRICAL SPECIFICATIONS
breadboarding of portions of larger digital systems. Com- Input Power: 1I5VAC, 50-400 cps, 120 watts maximum.
binations of assemblies may be used to breadboard Power cord is 8 feet long and has a standard two-prong
complete digital systems and such combinations are desig- plug.
nated a Digital Breadboard Kit H-180. Dash numbers can
then be appended to the part number (H-180-1, H-180-2, Circuit Breadboarding Capability: Assembly includes three

etc.) in order to define each specific kit. T-927 system development panels, each of which can

Z-97597A includes a dual 5-amp power supply ZA-720 accommodate up to eight modules at one time.

and a signal generator panel T-965A. In applications Output Power Capability: Power supply provides two
where more than 24 plug-ins are required, Z-97597A can channels of regulated 12-volt power. Each channel is

be used to provide power and signals to one or more rated at 5 amperes. Power is terminated at a terminal

Z-97598 assemblies which contain only breadboarding board on the rack and inter-rack cabling must be used

and indicator panels. If 24 or less plug-ins are required, a to carry power to other racks in the system.
Z-97599A assembly can be used. Accessory equipment for
these assemblies is the same as described for the suitcase
mounted Kit H-181. Circuit and accessory storage boxes continued on next page
may be purchased separately.
The following paragraphs briefly describe these three rack-
mounted digital assemblies.
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Z-97599A Z-97598
This assembly is intended primarily for experimental This is a companion unit for Z-97597A and is used in lay-
breadboarding of portions of larger digital systems. The out of extensive breadboarding facilities for digital
assembly contains a T-965A signal generator panel, a modules. This assembly contains T-927 development
T-918 and two T-958 indicator and tie point panels, a panels and T-918 and T-958 indicator panels only. Power
Z-97617 panel/chassis power supply, and three T-927 must be supplied from either the Z-97597A or from
system development panels. external power supplies.
PHYSICAL SPECIFICATIONS PHYSICAL SPECIFICATIONS
Dimensions: Approximately 32" high x 21" wide x 15" Dimensions: Approximately 32" high x 21" wide x 15"
deep. deep.

Finish: Rack is gray wrinkle; panels are gray baked Finish: Rack is gray wrinkle; panels are gray baked
enamel. enamel.

ELECTRICAL SPECIFICATIONS ELECTRICAL SPECIFICATIONS
Input Power: I15VAC ±10%, 50-400 cps. Maximum Input Power: +I2VDC and -12VDC. Input power is

power drain is 25 watts. AC line cord is 8 feet long supplied to the terminal board on the rack.
and has standard 2-prong plug. Circuit Breadboarding Capability: The system includes

Circuit Breadboarding Capability: Assembly includes four T-927 system development panels. Each panel can
three T-927 system development panels. Each panel accommodate up to eight modules at one time
accommodates up to eight modules; a total capacity of
24 modules at one time.

Power Supply Voltages: Z-97617 panel/chassis power
supply provides -12VDC, +12VDC, -l1VDC, and
-3VDC. Power supply voltages are cabled to system
development panels by a rack cabling. Power supply
voltages are also available at test jacks on the Z-97617
panel.

I



These units can function as power sources forStransistorized systems and equipment employing

EEECo T-S,.ries or CT-Series Digital Circuit

Modules, N-Series Plug-In Decade Counters, R-r

Series Minisig(O Indicators, U.Series NOR cr.

- cu t s nd u e as wlMs 
o iitlS se

1f, Breadboard and Training Equipment. These sup-

plies can be used effectively in the laboratory or
for integration into complex systems.

itK

Model ZA-720 is a solid-state, covetion-cooled, dual 1- Finish: Panel is fiished in gray enamel; chassis is cad-

volt DC, 5-amp regulated power supply featuring military- mium-plated steel, clear iridite.
quality parts and excellent regulation. Ripple voltage is Front Panel Controls:
held to less than 0.001 volt rnm under the worst com- Meters: The output voltage and current are measured
bination of input voltage and load current. by two meters on the front panel. The supply to be
The supply provides two completely indepcndent 1-volt mep sured is selected by a switch located between the
DC sources, rated at 5-amps each, isolated from ground two meters.
and from the chassis. Either polarity may be grounded or Output Voltage Control: Output voltage of either supply
the two source outputs may be placed in series. Operating may be varied --IVDC by adjusting its individual poten-
temperature range is -20*C to +65"C (-4"F to tiometer mounted on the front panel.
+149"F). Fuzes: One 2.0-amp fuze and one spare for each supply.
Two meters on the front panel permit measurement Of Front Panel Indicators:
output voltage and current for each supply independently. Power on (red).
A switch is provided for selection of source to be measured. DC power on (amber).
ELECTRICAL SPECIFICATIONS Blown-fuze indicators.
Input Power: 115V (±10%) AC, 2 amps, 50-400 cps. Cooling: Convection.
Output Power: Supply A: 12VDC at 0-5 amps. Operating Temperature Range: -20"C to +65'C (-4"F

Supply B: 12VDC at 0-5 amps. to +149F). May be operated at +71"C if maximum
(Either polarity may be grounded, or both may be placed load current is reduced to 4 amps.
in series.) Pin Connections:
Both supplies are independently adjustable over the Terminal I (TB1 and TB2): 1I5VDC input.
range of 11 to 13V. Terminals 3 and 4: (TBl and TB2): negative output
Regulation: terminal.

Voltage Regulation: 0.1% at DC to 1% at 25Kc for any Terminal 5: (TBI and TB2): chassis ground.
load change between 0 and 5 amps, and/or any input Terminals 6 and 7: (TBI and TB2): positive output
voltage specified. terminal.

Ripple Voltage: Less than 0.001 volt rms under the
worst combination of input voltage and load current.

Output Impedance: Figure 1 shows a typical variation of 1.0
output impedance over the frequency range of 10 cps to .
lMc. Below 10 cps the impedance is still lower and
falls to a typical value of 0.00110 at DC.

Duty: Continuous. .;
PHYSICAL SPECIFICATIONS
Mounting, Standard rack-panel mounting with amateur

notching. Chassis sliders optional. .1
Weight: 35 pounds. 10 Ut a$
Dimensions: 5%- panel height, 19" width, 14" depth "wpm bh M

behind panel. AM) t
I~ 1dp kWWt Ibus m VrupuI



ZA-721 ZA-725
Models ZA-721 and ZA-725 are plug-in, solid-state, Weight: 2-1/2 pounds.
convection-cooled, 12-volt DC, 1-amp regulated power Dimensions: 3-3/4" x 4-3/4" x 2-3/16".
supplies featuring military-quality parts and excellent Seated Height:
regulation. Ripple voltage is held to less than 0.001 volt ZA-721- 2-3/16"
rms under the worst combination of input voltage and ZA-725 - 3-3/4"
load current. loadcurrnt.Finish: Black anodize.
The supplies are isolated from the chassi and can Fe used
as either positive or negative voltage sources with refer- Output Voltage Control: Output voltage may be varied
oe to ground. Operating temperative range is -20*C over the range of 11 to 13VDC to adjusting a potentio-

to +650C (-4"F to +149"F). meter through opening in the heat-sink side of the

Attractively finished in black anodize, the units weigh power supply.

only 2-1/2 pounds and can be mounted on a chassis along Fuzes: %-amp fuze should be used external to this unit
with other circuitry. Four #8-32 x 7/16" studs e in series with the AC input power line. %-amp slo-blo
ZA-721 supply to a mounting surface; two #8-32 • 7/16" fuze is used within the unit to prevent damage in the
studs seur& the ZA-725 to a mounting surface. Both event of faulty external fuzing.
units plug into a modified 14-pin miniature relay-type Cooling: Convection.
socet Operating Temperature Range: -20'C to +65"C (-4"F
ELECTRICAL SPECIFICATIONS to +149'F)
Input Power: 115V (-10%) AC, 0.3 amp,-50400 cps. Pin Connections:
Output Power: 12VDC, 0-1 amp (+ or -), adjustable over Pins 4 and 12: Input 115VAC at 0.3 amp (external

the range of II to 13V (33VAC with center tap at -amp fuze required).
positive terminal available for auxiliary positive bias Pins I and 2: Output negative terminal.
unit). Pins 6 and 7: Output positive terminal.

0.16%n Pins 8 and 9: 33VAC center tapped at Pins 6 and 7.

Voltage: 0.16% at DC to 1% at 25Kc for any load P is 3, 5, 11, 13, and 14: Case common (connect to

change between 0 and 1 amp and/or for any input chassis ground).

voltage specified. This includes an output connector
loss of 0.12%. 1.*

Ripple: Less than 0.001 volt rmis under the worst com- 1.1
bination of input voltage and load current. ;.

Output Impedance: See Figure 1 which shows a typical .8
variation of output impedance over the frequency range .7
of 10 cps to lMc. Below 10 cps the impedance is still .6
lower and falls to a typical value of 0.02 at DC. .5

Duty: Continuous. 
..
.3

PHYSICAL SPECIFICATIONS .

Mounting: Models ZA-721 and ZA-725 power supplies can
be mounted on a chassis along with other circuitry. 10 10 11
They plug into modified 14-pin miniature sockets which (D. o.oo O) rnwaff in Cps
are furnished with the unit. Four studs secure the * ziu ., output comnctor l*oeo.015 Q wit outpu tZA-721 to a mounting surface; two studs secure the Pins In pUel.I

ZA-725 to a mounting surface. I tpt Imnpass vs Frequa1



Finish: Black anodize.
Output Voltage Control: Output voltage may be varied

over the range of II to 13VDC by adjusting a potentio-
meter through opening in the heat-sink side of the
power supply.

Fuzes: A 1/4-amp fuze should be used external to this
unit in series with the AC input power line. 3/8-amp
slo-blo fuze internal to supply to prevent damage in the
event of faulty external fuzing.

Cooling: Convection.
Operating Temperature Range: -20*C to +650C (-4°F

to +149*F).
Pin Connections: Pin hole No. 10 is blocked in the socket

and Pin No. 10 is deleted from the header to provide
pins 6 and 7.

index keying. Pin connections are as follows:
Pins 4 and 12: Input 115VAC power at 0.1 ampere.
Pins 1 and 2: Output negative terminal.

Z A -I7 2 3 Pins 6 and 7: Output positive terminal.
Pins 8 and 9: Output 33 volt AC, center-tapped at

pins 6 and 7.

Model ZA-723 is a plug-in, solid-state, convection-cooled, Pins 3, 5, 11, 13, and 14: Case Common (connect
12 volt DC, 300 ma regulated power supply featuring chassis ground).
military-quality parts and excellent regulation. Ripple
voltage is held to less than 0.001 volt rms under the
worst combination of input voltage and load current. 1.2
The supply is isolated from the chassis and can be used as
either a positive or negative voltage source with reference .9
to ground. Operating temperature range is -20"C to .8
+65"C (-4"F to +149"F). .

Attractively finished in black anodize, the unit weighsj .6

only 1% pounds and can be mounted on a chassis along A
with other circuitry. Two #8-32 x %" studs secure the :3
supply to the mounting surface. .2

.1.

ELECTRICAL SPECIFICATIONS 10 log 10
Input Power: 115 (±10%) volts AC, 0.1 ampere, .50-400 (Dc.0.o1y) nuICn en

cps.
Output Power: 12VDC, 0-0.3 amp (+ or -), adjustable Fig. 1 Outpt Impedm v Frmu.c ZA2

over the range of 11 to 13V (33VAC with center tap at
-ositive terminal available for auxiliary positive bias
unit.

Regulation:
Voltage: 0.1% at DC to 1% at 25Kc for any load change

between 0 and 0.3 amp and/or for any input voltage
specified. This includes an output connector lossof 0.0.5%.

Ripple: Less than 0.001 volt rms under the worst com-
bination of input voltage and load current.

Output Impedance: See Figure 1 which shows a typical
variation of output impedance over the frequency range
of 10 cps to 1Mc. Below 10 cps, the impedance is still
lower and falls to a typical value of 0.0411 at DC.

Duty: Continuous.

PHYSICAL SPECIFICATIONS
Mounting: Model ZA-723 power supply can be mounted on

a chassis along with other circuitry. It plugs into a

modified 14-pin miniature socket which is furnished with
the unit. Two #8-32 x 1/2" studs secure this supply to Example of use of one ZA-724 and one ZA-725
a mounting surface.

Weight: 1-3/8 pounds.
Dimensions: 2-7/8" x 2-7/8" x 2-3/16" seated height.



PHYSICAL SPECIFICATIONS
Mounting: The power supply can be mounted on a chassis

along with other circuitry. Foed-throvo type input and
output terminals are on the bottom of the supply; thesed
terminals fit through 3 holes, 3/4" dismnuer In the duas.
Both input and output power conneetkom an ured
connections.

Weight: 6 pounds.
Dimensions: 77#" x 4%" x 3%4" seated height.
Finish: Black anodize.
Output Voltage Control: Output voltage may be .varied

over the range of 11 to 13 volts DC by adjusting a
potentiometer through an opening in the back of the
power supply.

Fuze: A 1 -ampere fuze is internal to the supply and is
accessible from a screw-driver-operated fuze extractor
in the top of the power supply.

Cooling: Convection.
Operating Temperature Range: -20"C to +65"C (-4"F

ZA-724 to +149F).
Pin Connections:

Pins 1 and 2: Input 115 volts AC power at 1 ampere.
Pin 5: Negative output terminal.
Pin 6: Positive output terminal.

Power Supply ZA-724 is a general-purpose, transistorized, Pins 3 and 4: 33 volt AC output, center tapped at Pin 6.
regulated power supply that will provide 12 volts DC to Pins 8 and 9: Output positive terminal.
a 3-amp load in continuous-duty operation. AC and DC .6

circuits are isolated from the case, and either output ter-
minal may be grounded to provide a positive or negative
output with respect to circuit ground. The unit may be .
secured to a chassis by means of four #8-32 x " studs ..

that are integral with the case. Electrical connections are
made to feed-through terminals on the bottom of the case. I
Attractively finished in black anodize, the unit weighs

only 6 pounds and can be mounted on a chassis along 1I .
with-other circuitry. The seated height is 3W". .1

ELECTRICAL SPECIFICATIONS
Input Power: 115 (±-10%) volts AC, 1 ampere, 50-400 o0 a 0 io3

cpS. (De. ) 01- 1 n
Output Power: 12 volts DC, 0-3 amp (+ or -), adjustable

over the range of 11 to 13 volts. (33 volts AC with Ft I tO lUpMiN 5 FIMOOM
center tap at positive terminal available for auxiliary um-74
positive bias unit).

Regulation:
Voltage Regulation: 0.1% at DC to 1% at 25Kc for any

load change between 0 and 3 amp and/or for any
input voltage specified.

Ripple: Less than 0.001 volt rnm under the worst com-
bination of input voltage and load current.

Output Impedance: See Figure 1 which shows a typical
variation of output impedance over the frequency range
of 10 cps to IMc. Below 10 cps the impedance is still
lower and falls to a typical value of 0.004a at DC.

Eampile of usu o tw ZA-724 power supply on a chassis.



PHYSICAL SPECIFICATIONS
Mounting: The bias supply can be mounted on a chassis

along with other circuitry. It plugs into a 9-pin miniature
tube socket, which is furnished with the unit. One
#8-32 x 1/2" stud secures the supply to a mounting
surface.

Weight: 2 ounces.

Dimensions: I" x 1-13/16" x 2-3/16" seated height.
Finish: Black anodize.
Fuze: Internal 3/10 amp.

Cooling: Convection.
Operating Temperature Range: -20"C to +65'C (-40F

to +149"F).

ZA-727 Pin Connections:
Pins 7 and 8: Input 33 volt AC power at 100 ma from

transformer secondary of host supply.
Bias Supply ZA-727 is an auxiliary regulated power supply Pin 1: Return to center tap of transformer of host
that will furnish +12 volts DC or +24 volts DC to a 100- supply.
milliampcre load in continuous-duty operation. Input Pin 5: +12 volt DC output at 100 ma.
power is provided by another (host) power supply. The
unit features military-quality parts and excellent regu- pin 2 mon returto pie rm ial o ot
lation. Ripple voltage is held to less than 0.001 volt ms supply (must be separate wire from that called out on
under the worst combination of the input voltage and load Pin 1 above).
current. Host supplies can he ZA-721, ZA-725, ZA-723 +, or Pin 9: Case ground.
ZA-724. Pins 3, 4, and 6: Not used.

+When Model ZA-727 is used to furnish full 100-ma bias
current, derate Model ZA-723 to 250 ma.

Attractively finished in black anodize, the unit weighs only
2 ounces and can he mounted on a chassis along with other 3
circuitry. One #8-32 x " stud secures the supply to a
mounting surface.Al
ELECTRICAL SPECIFICATIONS
Input Power: 33 volts AC, 160 ma, 50-400 cps from center-

tapped transformer secondary of ZA-721, ZA-723, ZA-
724, or ZA-725 power supplies. 8

Output Power: +12 volts DC, 0-100 ma with respect to .1
positive terminal of host supply. The positive terminal
of the host power supply is used as a common DC o ai ) o
return point. (. *.aa) Imm CS

Regultion:
Voltage Regulation: Less than 0.1% at DC from no , I bt upum vs 1upm

load to full load of 100 ma and/or for input vari- &-M
ations as specified for operation of host supply.

Ripple: Less than 0.001 volt rms under the worst com-
bination of input voltage and load current.

Output Impedance: See Figure I which shows a typical
variation of output impedance over the frequency range
of 10 cps to 1Me. Below 10 cps, the impedance is still
lower and falls to a typical value of 0.02n at DC.

Ai
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ZA-729
Model ZA-728 is a general purpose transistorized regulated Output Voltage Control: Output voltage may be varied for
power supply that will provide 12 volts DC to a 5-ampere the range of 11 to 13 volts DC by adjusting a potentio-
load in a continuous-duty operation. AC and DC circuits meter at the rear of the supply.
are isolated from the case, and either output terminal may Fuz: One 2-ampere fuze at the rear of the supply.
be grounded to provide a positive or negative output with Coig ovcin
respect to circuit ground. Model ZA-728 is designed for Coig ovcin
mounting on a panel. Model ZA.729 consists of a Model Operating Temperature Range: -20*C to +85*C (-4*F
ZA-728 power supply mounted on a standard 19" panel to +1497F).
(Amateur standard notching) with a chassis and supporting Pin Connections:
side-brackets; the chassis will accommodate other power Pins 1 and 2: 115 volt AC power input.
supplies or other circuit components. Electrical connections Pins 3 and 4: Negative output terminal.
to Models ZA-728 and ZA-729 are made via a Jones Pins 6 and 7: Positive output terminal.
barrier strip at the rear of the units. Pin 5: Case common (connect to chassis ground).
Both units have front panel finished in pray emnel.
Chassis and side-brackets are cadmium-plated per MIL 3
Spec QQ-P-416, Class 2, Type II. 1.2

ELECTRICAL SPECIFCATIONS I 1.1: I _
InputPower: 115 (±10o%) volts AC, 1.5 amperes, 50-400 9 M.

CPS.

Output Power: 12VDC, 0 to 5 amperes (+ or -) adjust- .T

able over the range of 11 to 13 volts. .6

Regulation:.1
Voltage Regulation: 0.1% at DC to 1% at 25Kc for any 8 .3

load change between 0 and 5 amperes and/or for any .2

input voltage.
Ripple: Less than 0.001 volts rms under the worst com-10 ,

bination of input voltage or load current. De0.001 0) PMWM~ECY IN CVPS

Output Impedance: Figure 1 shows the typical variation IW 16111 I.P~5IS " FISWUUS
of output impedance over the frequency range of 10 ZA- a A-lU
cps to IMo. Below 10 cps the impedance is stil lower
and falls to a typical value of 0.001a1 at DC.

Duty: Continuous.

PHYSICAL SPECIFICAT]IONS
Mounting:

ZA-728: Two supplies can he mounted on one 5W by
19" pane.

ZA-729: Standard rack panel mounting with 5W by
19V panel. Mounting holes for fumes and input/output

cables ane located on rear of afl axiiary chassis. The
auxiliary chassis will accommodate up to 104 T-I
Series Plug-Ins or a combination of T-Serles and the
standard line of 12-volt power supplies.

wih
ZA-728 - 18 poun is.
ZA-729 - 19% pounds.

Dimmims
ZA-728: 7%"' wide x 4W high x 14"v deep,
ZA-729: 19V wide x 5%W high z 14C deep,

ZA-728
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PANELS AND CHASSIS
Srgveral kinds of panels upon which T-Series units can be I Y
mounted and two kinds of universal chassis are available
from EECo. This section of the catalog presents basic
information and outline drawings for these panels and
chassis.
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+ ~ T 90' T 902 T 903

,1 _ T-901, T-902, and T-903 are all 31/i" x 19" panels
I which can accommodate up to 51 T-Series circuits.

_I These panels all have a gray finish and standard9 5 Amateur notich lad holes for sockets are drilled on
1-inch centers. T-901 is supplied without sockets,

T-902 is identical but with 9-pin sockets installed,
and T-903 is identical to T-902 but with the sockets

% ® < \ I buss-wired for power.

4 T-961 is identical to T-902 except 13 pin sockets are
installed.

T-932-1 has the same outline dimensions as T-901 but has T-962 is identical to T-903 except 13-pin sockets are
only 38 socket holes. These holes are spaced on 1.3-inch installed.
centers across the 19-inch dimension and on 1.1-inch cen-
ters across the 3 -inch dimension in order to allow room
for IERC hold down hardware. HOLD DOWN IERC

HARDWARE T6-10253
T-932-2 is the same basic panel as T-932-1 with sockets ELCO
and hold down hardware furnished unassembled. See price ELCO 195

list for specific parts. 195V

T-933-1 has the same outline dimensions as T-901 but has
only 45 socket holes spaced on 1/-inch centers to accom-
modate EBY, Cinch-Jones, and Elco hold down hardware.

T-933-2 consists of panel T-933-1 and 45 each sockets, 9
bases, and shields furnished unassembled. See price list for
specific part numbers. IERC

I-6-1001
EBY

9716-11
CINCH-JONES
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Layout of Cho"si H-164 ALL MEASUREMENTS IN INCHES

T-934, T-935, and T-936 are all 51/,4 x 19" painels and T-936 is identical to T-935 but with the sockets
which can accommodate uip to 70 T-Series circuits. buss-wvired for power.
These panels all have a gray finish and standard T-963 is identical to T-935 expect 13-pin sockets are
Amateur notch and holes for sockets are drilled on installed.
1-inch centers. T-934 is supplied without sockets, T-964 is identical to T-936 except 13-pin sockets are
T-935 is identical but with 9-pin sockets installed, installed.

Panel layout is shown below4

19

0 0 00 00 00 00 00 00 00 00 00 0 0 0 1

0 0 00 00 00 00 00 0 00 0 p 0 00 0 0 i

0 0 0 0 0 00 0 O 0 0 0 0 0 0

ALL MEASUREMENTS IN INCHES Layoit -of- Panels T-934, T-935, T-936 Y, (TYPJ)-

Universal Chassis H-164 contains a chassis with 60-
socket holes and a 20-terminal Jones strip. Two
front panel heights are available; 3 i" (H-164-1) and
51/" (H-164-2). These front panels have a gray finish
and standard Amateur notch.

Layout of Chassis H.164 is shown at top of page4



related equipment JA

32/32~4

k C JcC C__ _ _ _ __ _ _
g2 - C -C C ___ __ __

/3 0 0 0

33 TP.) 20 00 0 p 00 0
A' + + +

01 EQUA 0 INC SPACES0
ALL~ MESRMNS+NICE

L0ou 0 f Chasi c 165 0

B +iera 0hsi +I T B6 '1ii11 tc is~~ t,
sock00 lin0s 0 A0t~iitlbtssrp 111itttii

A1' 0 5

3C (TYP. J*12. TY.
O1 /

V4 "I 32 Y Y AY.



related equipment4'

CARD FILES CT-Series modules can be used with card files, card

H-401 and H-402 (ELCO modified VARIPAK H 9016-2-S) drawers, and other hardware suitable for the 41/"x 5"x
1/16" cards. The hardware shown here is specifically

These sturdy, all-aluminum cases bold up to 27 circuit recommended and can be ordered from EECo, using the
cards each. They are available from EECo with 82 holes "H" part numbers shown. For the convenience of com-
on each mounting panel to permit combinations of equal panies supplied directly by the manufacturer, the manu-
or variable spacing of the card guides and connectors. We facturers' part numbers are shown (in parenthesis).
also supply these universal card files with connectors and ----__________________________

card guides already mounted as shown in the chart below.

Connecters GuMide Sets CONNECTORSfji
Card File Type Connectors Installed isstalled
N-.401-1 1440, 11405 or 1-40 None 27 I
N41-12 Solder-Lug 1440 27 27 Tp .

1-411-2 Toper-Tab 1445p2e2
N-41- Tpe-Ta H0527 27H-404 Single Solder-Lug 22 Ribbon-Type 0.4687" 0.343" H-408 14.407

N140114 Taper-Pin 1-406 27 27

N-401-5 H-411. 14412 or 14413 None 27 N-40 Single Taper-Tab 22 Ribbon-Type 0.46871, 0.343" 1-408 14-407

N-4014 Solder-Lug H-411 27 27 iN0 Double Taper-Pin 22 Ribbont-Type 0.45" 0.437", H4408 14-4071

11 -7 Wire-Wrap 14413 27 27 N1411 Solder/Taper Tab 35 Varicon 0 1" 0 5312 , 1-409 ....

N41-1 Taper-Pin 1-414 27 27 H-412 Wire-wrap (2 wires) 35 Varican 1.2" 0.5312" ....... H415

N1462-1 H1404 1-405 or H-406 Non No"e *1413 Solder-Lug 13 wires) 35 Varicon 0.87" 0.5312" H-415
111462-2 14411, 1-412 or 1-413 Nowe None

N-414 Taper-Pin 34 Varicon 0.8" 0.5312" ..... 415

GU IDE H143 w udsadsa-npn 4404 (ELCO 6007-22-5-M-5) 14-411 (ELCO 7008355-2-1 NPGF)

SETS per set (ELCO 9010.1201) www
Made of polycarbonate with exc-ellent H405 (ELCO 6007-22-5-M-4)1-43ECO78-5522NPF
di-electric properties and high me-H13ELO7035-22 PF
chanical strength. Each guide is held

fimyi lace b one snap-in pin that
permitsthe gui e to be removed and 1-406 (KENNEDY KI-1500-22)
relocated without damage to either4 "
guide or plate. H-414 (ELCO 7009-34-5-2-22 NPGF)

CARD EXTRACTOR
There are seven types of connectors for

H-410 (PUL-E-ZE Mod. 11-1) CT modules available from EECo as H4412 (ELCO 7008355-2-5 NPGF
These Extractors grip the card edge shown. Detailed specifications of each
itself securely enough for a 30-lb. pull. type is available in the manufacturer's lit-
They are made of tough, durable erature. Separately supplied connectors 7 fl 7I 1 I I

- ~ ~ ~ ~ ~Delrin 100. are fuamished with brass screws and nuts. I ~ fill lI



E Special Issue Data Sheets
Special Data sheets cover new information made
available before this catalog is republished.
When you add material to the back of the book,
be sure to list it in the space that is provided in
the Index Section.
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T-SERIES PRICE LIST ENGIERED L RONIcs cm y
1441 EAST CHESTNUT AVENUE

Effective Date: August 1, 1962 SANTA ANA, CALIFORNIA

3NOTE: Terms, FOB point, and footnotes, e.g., Q, (D , etc., will be found at the
end of the price lists.

T-SERIES CIRCUIT MODULES
PART. 200- 100-
NOS. DESCRIPTION (D)D 499 199 50-99 25-49 10-24 1-9

T-101B Flip-Flop 14.25 17.30 21.05 27.10 34.80 42.85
T-102A Flip-Flop 11.55 13.90 16.70 21.45 27.45 33.70
T-10 Flip-Flop 10.75 1.20 16.15 20.85 26.85 33.15T-104 Multivibrator 12.50 1 .35 16.70 21-05 26.50 32.25

T-105A One-Shot 11.25 13.90 16.90 21.90 28.15 34.75

T-106 Squaring Amplifier 9.55 11.15 13.25 16.80 21.35 26.10
T-107 Crystal Oscillator(lO-75Kc) 12.05 13.95 16.50 20.85 26.45 32.25
T-108 Amplifier 16.80 19.15 22.40 28.10 35.45 43.10
T-109 Reset Generator (T-Series) 9.95 11.05 12.70 15.80 17.65 23.85
T-110 Blocking Oscillator 19.10 22.70 27.20 34.75 44.35 5 .35

T-111 Emitter Follower 5.50 5.70 6.20 7.45 9.05 10.70
T-112 Emitter Follower, dual 7.75 8.10 9.00 10.90 13.35 15.85
T-113 Emitter Follower, triple 8.65 9.70 11.25 14.05 17.60 21.35
T-114 Emitter Follower 5.70 6.05 6.75 8.25 10.10 12.05
T-115 Emitter Follower, dual 8.10 8.65 9.70 11.80 14.55 17.40

T-116 Emitter Follower, triple 10.80 11.60 13.00 15.85 19.55 23.40
T-117 Pulse Inverter 9.85 12.25 15.15 19.70 25.45 31.50
T-118 Pulse Amplifier 9.35 10.60 12.35 15.50 19.55 23.75
T-120 Relay Driver (O-4V) 16.65 16.90 17.10 19.90 23.65 27.40
T-121 Relay Driver (O-90V) 27.40 27.85 28.50 32.30 37.60 42.80

T-123 Reglaor (-7.5V) 15.4n 1 6, 16.85 17.60 18.30 19.05
T-127 Crystal Oscillator(75-25OKc) 15.45 17.J5 20.15 25.10 31.55 38.25
T-128 Relay Driver (0-24V) 16.10 16.80 17.50 18.45 21.70 24. 0
T-129 Reset Generator (N-Series) 7.35 9.25 I.45 14.85 19.25 23.85
T-130 Relay Driver (0-30V) 18.35 18.95 19.55 20.25 23.55 26.80

T-134 Driver (0-35V) 16.15 16.45 16.80 19.55 23.25 27.00
T-135 Driver (0-35V) 15.50 16.40 18.25 22.20 27.25 32.45
T-136 Inverter 8.90 9.60 10.80 13.15 16.25 19.45
T-137 Inverter 9.40 9.85 10.85 13.05 15.95 18.95
T-138 Inverter 11.50 12.65 14.:45 17.90 22.30 26.85

T-1 9 Driver (O-30V) 26.60 27.20 27.95 32.70 39.10 45.55
T-IO Crystal Oscillator(l-10Kc) 16.70 18.65 21.50 26.85 33.60 40.65
T-141 Driver (0-45V) 29.35 29.40 31.35 36.90 44.15 1.55
T-157 Flip-Flop 13.30 17.15 21.50 28.35 36.90 45.95
T-161 Emitter Follower, dual 7.35 7.80 8.70 10.55 13.00 15.50

T-162 Flip-Flop 10.95 13.35 16.25 20.95 26.90 33.15
T-163 D C Driver 13.75 15.20 17.45 21.60 26.95 32.50
T-165 Capacity Driver 17.65 20.25 23.75 29.85 37.70 45.85
T-166 One-Shot 10.85 14.20 17.95 23.60 30.80 38.4o0
T-167 One-Shot 13.95 17.45 21.45 27.90 35.95 4.50

T-170 Relay and Indicator Driver 14.4o 14.95 16.35 19.60 23.90 28.25
T-171 Relay and Indicator Driver 16.55 16.85 18.20 21.65 26.15 30.70
T-172 Voltage Comparator 11.30 11.85 13.10 15.80 19.40 23.00
T-173 Bias Supply 14.25 16.05 18.60 23.25 29.20 35.40
T-301A Gated Flip-Flop 18.95 21.50 25.05 31.40 39.50 47.95

T-302 Capacity Driver 26.65 30.10 4.95 43.70 54.90 66.60
T-303 Flip-Flop 37.25 38.20 1.60 49.70 60.25 71.05
T-30o4 Emitter Follower 16.70 17.50 19.30 23.30 28.50 33.85
T-305 Video Amplifier 37.30 39.30 43.55 52.70 64.55 76.80
T-306 Squaring Amplifier (5Mc) 33.00 34.15 35.50 41.85 50.25 58.75

T-307 Emitter Follower 23.75 25.45 28.50 34.80 42.95 51.35
T-308 DC Logic 18.15 20.10 23.05 28.55 35.65 42.95
T-309 DC Logic 16.75 18.90 21. 5 27.45 34.45 41.80
T-310 DC Logic 14.i0 16.05 18.85 23.70 29. 5 36.45
T-311 Crystal Oscillator(250Kc-lMc) 33.95 34.80 36.00 42.25 50. 0 58.75

0



PART (j> (- (- 200- 100-
NOS. DESCRIPTION J) 499 199 50-99 25-49 10-24 1-9

T-312 Squaring Amplifier (IMc) 16.60 17.95 20.40 25.10 31.20 37.45
T-314 Multivibrator 20.30 20.90 21.75 25.65 30.70 35.90
T-315 DC Logic 19.20 19.75 21.65 25.95 31.60 37 40
T-317 Crystal Oscillator (1OMc) 20.05 23.90 25.40 1.45 39.30 47.35
T-318 Pulse "And" Gate 31.60 32.65 34.70 1.35 50.00 58.85

T-404 DC Logic 9.85 12.20 15.00 19.45 25.05 30.95
T-405 DC Logic 9.00 10.60 12.60 16.05 20.o40 24.95
T-406 DC Logic 10.15 12.45 15.20 19.50 25.10 30.95
T-407 DC Logic 9.45 10.95 12.80 16.20 20.45 24.95
T-410A Pulse Logic 11.95 13.50 15.70 19.70 24.75 30.05

T-411 Pulse Logic 12.25 15.35 18.90 24.55 31.75 39.30
T-412 Pulse Logic 14.05 18.05 22.55 29.60 38.45 47.75
T-413 Pulse Logic 11.40 13.15 15.45 19.50 24.65 30.05
T-421A DC Logic 10.75 11.25 12.40 14.85 18.15 21.55
T-422 DC Logic 13.40 15.35 17.95 22.55 28.40 34.55

T-423A DC Logic 18.00 18.90 20.90 25.30 30.95 36.75
T-424A Half Adder/Subtractor 13.90 15.75 18.30 22.95 28.80 34.95
T-425A Diode Logic 5.10 5.55 6.35 7.80 9.70 11.65
T-426A Diode Logic 5.80 6.30 7.20 8.85 11.00 13.25
T-427A Diode Logic 5.90 6.65 7.80 9.80 12.30 15.00

T-428A Diode Logic 6.30 7.30 8.60 10.85 13.70 16.75
T-430 Pulse Logic 10.50 12.50 15.00 19.15 24.45 29.95
T-431 Pulse Logic 11.60 13.95 16.80 21.55 27.55 33.85
T-432 DC Logic 13.35 15.35 18.10 22.90 29.00 35.35
T-433 DC Logic 12.10 14.05 16.60 21.05 26.65 32.50

T-434 DC Logic 11.05 13.45 16.40 21.15 27.20 33.55
T-437 DC Logic 9.40 I.10 13.25 16.90 21.50 26.30
T-438 DC Logic 10.60 12.55 15.05 19.20 24.45 29.95
T-439 DC Logic 10.70 11.10 12.20 14.65 17.90 21.15
T-440 DC Logic 8.90 9.75 11.10 13.65 17.00 20.45

T-441 Pull Adder 23.75 28.85 35.15 45.45 58.45 72.05
T-442 Level Restoring "Or" Gate 9.95 13.55 17.55 23.50 30.95 38.80
T-447 Pulse "And" Gate 10.90 12.85 15.35 19.65 25.05 0.70
T-448 Dual Pulse "And" Gate 17.40 20.50 24.50 31.30 39.90 8.90
T-600 Shift Register Logic 11.45 14.95 18.85 24.85 32.40 40.35

T-601 Pulse Logic 19.05 24.70 30.95 40.70 52.95 65.90
T-602 Pulse Logic 18.10 24.15 30.70 40.75 53.30 66.60
T-60o4 Gated Flip-Flop 14.15 19.30 24.95 33.40 43.95 55.15
T-605 Shift Register Flip-Flop 12.85 16.40 20.40 26.70 3.65 43.00
T-606 Shift Register Flip-Flop 21.05 23.85 27.75 34.75 43.70 53.05

T-607A Diode Logic 12.60 13.10 14.35 17.25 21.00 24.80
T-608A Diode Logic 9.95 9.93 11.50 14.45 18.10 21.95
T-609A Diode Logic 10.45 11.75 13.60 17.00 21.30 25.80
T-610 Shift Register Flip-Flop 14.85 18.45 22.65 29.30 37.80 46.70
T-611 Pulse Gate, triple 10.10 12.35 15.10 19.50 25.15 31.05

T-612 Pulse Logic 15.20 17.50 20.65 26.20 33.20 40.50
T-613 Pulse Logic 15.75 17.90 20.95 26.35 33.30 40.50
T-61R DC Logic 11.40 13.75 16.60 21.25 27.20 33.5
T-620 DC Logic 12.45 14.45 17.00 21.45 27.15 33.10
T-621 DC Logic 11.60 13.80 16.50 21.05 26.85 32.95

T-622 DC Logic 16.30 18.70 21.90 27.60 34.80 42.35
T-623 DC Logic 12.30 14.10 16.50 20.70 26.10 31.70
T-625A Diode Logic 8.20 9.35 10.95 13.80 17.40 21.20
T-626A Diode Logic 10.05 11.90 14.35 18.30 23.40 28.75
T-627 Diode Logic 12.25 15.15 18.55 24.05 30.95 37.25

T-628 Diode Logic 15.15 17.20 20.00 25.05 1.50 38.25
T-629 Gated Flip-Flop 14.25 19.75 25.55 34.20 45.10
T-630 Pulse Logic 17.50 19.20 21.85 27.00 33.50 40.35
T-631A Diode Logic 10.95 12.35 14:4 0 18.15 22.85 27.75
T-633 Flip-Flop 16.40 19.20 22.75 28.90 36.70 44.85

T-634 DC Logic 14.35 16.30 18.95 23.75 29.85 36.25
T-635 DC Logic 14.00 16.55 19.75 25.10 31.95 39.10
T-637 Pulse Logic 11.10 13.10 15.65 19.90 25.40 31.05
T-638A Diode Logic 12.95 15.60 18.90 24.30 31.15 38.35
T-639 Pulse Logic 11.85 13.40 15.65 19.60 24.70 30.05

S
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1441 EAST CHESTNUT AVENUE

Effective Date: August 1, 1962 SANTA ANA, CALIFORNIA
PART 200- 100-
NOS. DESCRIPTION Q Q © 299 199 50-99 25-49 10-24 1-9

T-64o0 Pulse Logic 11.95 13.45 15.70 19.65 24.75 30.05
T-641 DC Logic 16.60 16.95 17.45 20.35 24.25 28.20
T-642 DC Logic 13.00 13.95 15.60 19.15 23.60 28.20
T-643 Flip-Flop 23.60 26.60 30.90 38.60 48.45 58.70
T-6M Flip-Flop 19.75 23.00 27.30 34.55 43.85 53.55

T-645 NOR Circuit 11.15 12.95 15.35 19.50 24.75 30.0
T-646 RS Flip-Flop 11.25 15.40 19.90 26.60 35.00 N3.85
T-647 Flip-Flop 19.45 22.15 25.80 32.40 40.75 49.55
T-648 Flip-Flop 18.10 21.10 25.00 31.65 40.10 49.00
T-650 DCTL "And" Gate 17.55 18.55 20.55 24.80 30.45 36.20

T-651 DCTL "Or" Gate 12.90 14.50 16.65 20.75 26.00 31.45
T-652 Emitter Follower 10.60 12.50 14.95 19.15 24.40 29.90
T-653 DCTL "And/or" Gate 12.30 13.40 15.25 18.85 23.45 28.20
T-801A Flip-Flop 24.85 26.75 30.10 36.80 45.50 54.45
T-802 DC Logic 27.20 28.80 32.20 39.20 48.30 57.70

T-803 DC Logic 22.05 23.40 26.10 31.65 38.95 46.45
T-805 DC Logic 32.45 34.75 38.90 47.55 58.60 70.10

CRYSTAL AND COMPONENT OVENS
PART
NOS. DESCRIPTION 0 . PRICE

H-143-1 Oven only, 115V heater voltage, will hold 2 crystals for 23.50
use with T-107 and/or T-127 in frequency range 1OKc to
250 Kc.

H-143-2 Same as H-143-1 except 28V heater voltage. 23.50
H-143-3 Same as H-143-1 except 12V heater voltage. 23.50
H-143- Same as H-143-1 except 6V heater voltage. 23.50
H-145-31 1OKc crystal for use with T-107. 65.50

H-146-2 10OKc crystal for use with T-127. 2Z.00
H-149-i Oven only, 115V heater voltage, will hold a T-107 and II .00

matching crystal for frequency range lOKc to 45Kc or
with a T-311 and matching crystal for frequency range
250Kc to 899.99Kc.

H-149-2 Same as H-149-1 except 28V heater voltage. 114.00
H-150-1 Oven only, 115V heater voltage, will hold either a 114.00

T-107 or a T-127 and matching crystal for frequency
range 45Kc to 250Kc or with a T-311 and matching
crystal for frequency range 900Kc to IMc.

H-150-2 Same as H-150-1 except 28V heater voltage. 114.00
H-160-10 lMc crystal for use with T-311. 19.30
H-167-8 lKc crystal for use with T-140. 121.50

T.SERIES SOCKETS, CONTAINERS, ETC.
PART
NOS. DESCRIPTION k) 10-24 1-9

T-906 T-Series Container, 13-pin, w/2 discs 2.55 2.60
T-908 T-Series Container, 13-pin, w/ discs 2?
T-909 T-Series 13-pin socket (Cinch #54A14775 with 5®

keying plug in pin #10) for 1/8" panel.
T-910 T-Series 9-pin socket (EBY #9713-32) for .25

18-gauge chassis.

T-913 T-Series Standard Pattern Disc (use w/Tr-904, .60
T-906, T-908, if extra discs are needed).

T-937 T-Series 13-pin socket, T-909, with T-959 .60
spacer for 16-gauge chassis.

T-959 Spacer. Adapts T-90 socket for use with .15 .15
1-gauge chassis.



CT-SERIES CIRCUIT BOARD MODULES

Terms, FOB point, and footnotes, e.g., (i) . etc., will be found at the end
of the catalog price lists.

The prices listed below are for units with standard tin-plated connectors. Add
$2.00 per unit when Varicon, Gold-plated, or Rhodium-plated special connectors
are required.

PART DSRPIN 200- 100-259 102 1-
NOS. DESCRIPTIO499 199 50-99 25-49 10-24 1-9

CT-101B-3 Three RST Flip-Flops 34.75 36.20 39.00 40.40 48.80 77.15
CT-102A-4 Four T Flip-Flops 34.10 34.40 37.65 39.40 40.65 80.90
CT-104-2 Two Multivibrators 20.85 21.30 22.20 23.30 25.30 50.45
CT-106-4 Four Squaring Amplifiers 29.95 31.45 32.65 33.20 37.90 62.65
CT-109-4 Four Reset Generators 34.00 35.90 37.80 40.20 42.90 57.25

CT-111-9 Nine PNP Emitter Followers 19.70 19.90 20.40 20.90 25.30 38.45
CT-114-9 Nine NPN Emitter Followers 29.20 30.80 31.60 32.10 33.50 42.10
CT-134-4 Four Relay and Indicator 55.20 58.40 61.40 62.60 63.80 77.40

Drivers.
CT-136-4 Four Inverters 20.75 21.15 22.65 23.60 26.00 49.95
CT-162-4 Four RS Flip-Flops 37.45 39.50 41.60 44.80 50.95 79.55

CT-163-3 Three DC Drivers 37.20 39.20 43.30 49.75 56.35 58.50
CT-165-4 Four Capacity Drivers 67.25 68.10 68.70 76.95 90.25 110.05
CT-166-4 Four One-Shot Multivibrators 40.50 41.00 41.35 53.95 62.60 92.15
CT-302-2 Two Capacity Drivers 67.20 70.80 72.60 79.00 94.40 102.45
CT-304-4 Four Complementary Emitter 57.20 60.20 63.40 66.40 73.40 86.65

Followers.

CT-306-2 Two Squaring Amplifiers 59.60 62.70 64.90 67.40 79.50 90.00
CT-307-4 Four Dual Complementary 81.40 85.60 90.20 96.80 108.40 129.90

Emitter Followers.
CT-421A-4 Four "Exclusive-Or" Gates 29.40 29.95 31.05 32.00 34.85 51.80
CT-430-4 Four Pulse Mixer Aplifiers 36.00 38.00 40.00 41.50 43.90 71.80
CT-8-2 Two Dual Pulse "And' Gates 31.45 33.05 38.95 46.55 49.70 58.70

CT-605-3 Three Shift Register Flip- 29.80 31.80 32.85 36.70 48.05 77.40
Flops.

CT-606-2 Two Shift Register Flip- 28.70 30.25 31.20 33.30 41.70 63.65
Flops.

CT-641-2 Two Dual DCTL "And" Gates 29.90 31.50 32.20 33.20 38.70 46.70
CT-642-2 Two Dual DCTL "Or" Gates 22.85 23.40 24.50 25.30 26.75 33.80
CT-645-2 Two DCTL "Nor" Gates 20.10 21.20 24.60 29.20 30.80 35.70

CT-650-2 Two Dual DCTL "And" Gates 31.65 33.35 35.25 39.05 47.10 50.20
CT-651-2 Two Dual DCTL "Or" Gates 23.30 24.50 27.55 30.65 31.10 37.75
CT-801-2 Two Flip-Flops 40.40 41.35 42.90 43.60 6.25 54.60
CT-802-2 Two Dual DCTL "And" Gates 49.10 51.70 54.70 61.20 74.50 88.80
CT-805-2 Two Dual "Exclusive-Or" 49.60 60.35 61.55 62.40 63.70 70.30

Gates.

S
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1441 EAST CHESTNUT AVENUE

Effective Date: August 1, 1962 SANTA ANA, CALIFORNIA

.SYSTEM BREADBOARD EQUIPMENT AND ACCESSORIES
Complete rack-mounted or suitcase-mounted System signed at the factory when a specific quotation is
Breadboard Equipment can be purchased in kit form made. Each kit consists of specified plug-in circuit mod-
as H-180 or H-181 with a dash number appended to ules and one or more of each of the following items
define the specific kit; these dash numbers are as-

PART
NOS. DESCRIPTION PRICE

Z-97221 Portable Digital System Breadboard, includes 1 H-153, 2373.00
1 T-965A, 2 T-958, 4 T-927, 2 T-918, I Z-97432, and
cabling.

Z-97432-2 Power Supply for Z-97221 (not sold separately) 4 88.oo

Z-97597A Rack-Mounted Digital System Breadboard, includes 1 H-155, 2175.00
1 T-965A excluding plug-ins, 2 T-958, 1 T-918, 3 T-927,
1 ZA-720.

Z-97598 Rack-Mounted Digital System Breadboard, includes I H-155, 1402.00
2 T-958, 2 T-918, 4 T-927.

Z-97599A Rack-Mounted Digital System Breadboard, includes 1 H-155, 1799.00
1 T-965A excluding plug-ins, 2 T-958, 1 T-918, 3 T-927,
I Z-97617A-2.

Z-97617A-2 Rack-Mounted Power Supply (+12V, -12V, -3V, -11V) 499.00

Z-101663 Power Panel for H-189 (not sold separately) 428.00

T-915 Indicator Panel, 1 3/4" X 19", w/16 R-1010 Minisig Indicators 234.00
(Neon) and banana jacks for input signals. Indicators light
when input signal is -3V. Gray finish, Amateur notch.

T-916 Indicator and Tie Point Panel, 1 3/4" X 19", W/8 R-1010 174.00
Minisig Indicators (Neon), plus 8 dual binding posts for
external parts such as resistors, diodes, capacitors, etc.
T-916 is similar to T-915. Indicators light when input
signal is -3V. Binding posts will accept T-920 and also
standard banana plug patch cords. Gray, Amateur notch. (D

T-917 Indicator Panel. Same as 6915 except uses R-341 Minisig 261.00
Indicators (Filament). Q)

T-918 Indicator and Tie Point Panel. Same as .916 except uses 188.00
R-341 Minisig Indicators (Filament). d

T-919/xxx Circuit Symbol Card. Plastic encased. Holes are punched .50
in card to match field of banana jacks on T-927 panel.
Order by T-Series circuit number in place of xxx. Fo
example: T-919/101B is card for T-101B Flip-Flop. 6

T-920 Power Plug. Black, dual banana plug with shorting bar 1.35
between pins. Used w/T-927 panels and T-919/xxx circuit
symbol cards. ©

T-927 System Development Panel, 5 1/4" X 19" w/8 nine-pin sockets 95.00
and 8 thirteen-pin sockets. Used with T-919/xxx circuit
symbol cards and T-920 power plugs for breadboarding T-Series
systems; using either 9-pin or 13-pin units. Panel will
accept up to 8 circuits at one time.

T-928 Component Plug. Red. Similar to T-920 power plug but w/o 1.70
shorting bar. Used with T-916 and T-918. Holds resistor,
capacitor, or diode, and plugs into dual binding post. ( )

T-929 Component Plug. Yellow. Same as T-928 except color. 7 1.70
T-930 Component Plug. Blue. Same as T-928 except color. (0 1.70



PART 0 e;%
NOS. DESCRIPTION J \ PRICE

T-946 Circuit Storage Box. 10.00
T-947 Accessory Storage Box. 7.50
T-958 Tndicator and Tie Po Int Panel, same as T-916 except uses 203.00

R-342 indicators. (tl)
T-965A Signal Generator Panel, w/o plug-ins 195.00

w/ plug-ins 301.00

H-101 Black Patch Cord, 4" long 1.30
H-106 Black Patch Cord, 8" long 1.30
H-107 Red Patch Cord, 8" long 1.30
H-I08 Blue Patch Cord, 8" long 1.30
H-109 Green Patch Cord, 8" long 1.30

H-10 Yellow Patch Cord, 8" long 1.30
H-Ill Black Patch Cord, 12" long 1.30
H-112 Red Patch Cord, 12" long 1.30
H-I1 Blue Patch Cord, 12" long 1.30
H-11 Green Patch Cord, 12" long 1.30

H-115 Yellow Patch Cord, 12" long 1.30
H-l16 Black Patch Cord, 18" long 1.30
H-117 Red Patch Cord, 18" long 1.30
H-118 Blue Patch Cord, 18" long 1.30
H-119 Green Patch Cord, 18" long 1.30

H-120 Yellow Patch Cord, 18" long 1.30

H-15 Suitcase (with cabling) for Z-97221 225.00
H-15 Rack for Rack-Mounted System Breadboards, 19" panels, 20.00

28" vertical panel space, 32" overall height, gray-
wrinkle ftrish.

H-155 Same as H-154 except includes power cabling (sold only 125.00
as part of System Breadboard Kit).

H-159 Right-ane Bracket to accommodate 13-pin decade in 10.00
T-927. 7)

H-179 Adapter t' accommodate non-stAndard-power-connection 5.00
special circuits to T-927.

H-188 Suitcase with cabling for H-159. 147.00
H-189 Portable Digital Breadboard System, includes 1 H-188, 1422.00

1 T-965A, 3 T-927, 2 T-958, 1 Z-I01663, and cabling.

POWER SUPPLIES
FEART
NOS. DESCRIPTION (D 0 PRICE

ZA-720 Power Supply, dual, 12VDC, 5 amp 880.00
ZA-721 Power Supply, 12VDC, 1 amp 160.00
ZA-723 Power Supply, l2VDC, 300 ma 150.00
ZA-724 Power Supply, 12VDC, 3 amp 300.00
ZA-725 Power Supply, 12VDC, I amp 160.00

ZA- 7 27 Power Supply, +l2VDC, 100 ma 110.00
ZA-728 Power Supply, 12VDC, 5 amp 400.00
ZA-729 Same as ZA-728 except bolted to 5 1/4" panel. Half of 450.00

chassis is supplied w/o sockets to accommodate smaller
power supplies or plug-in units.

0@



T-SERIES PRICE LIST EIEINEEVEDEErMONKCS (eriy
1441 EAST CHESTNUT AVENUE

Effective Date: August 1, 1962 SANTA ANA, CALIFORNIA
PANELS AND CHASSIS

* Prices for larger quantities on request.
PART 0
NOS. DESCRIPTION 10-24 1-9

T-901 Panel 51 socket holes, w/o sockets, 22.10
3 1/2" X 19". Gray finish Amateur notch.

T-902 Panel, 51 socket holes, w/9-pin sockets, 40.95 43.20
3 1/2" X 19". Gray finish, Amateur notch. Q

T-903 Panel, 51 socket holes, w/9-pin sockets 58.20 60.40
and buss wired for power, 3 )" X 19".
Gray finish, Amateur notch.

T-932-1 Panel, 38 socket holes, w/o sockets. 21.90
Holes are spaced to accept IERC Base T6-1001
for IERC Shield T6-1025-3. Panel is 3 1/2" X 19".
Gray finish, Amateur notch.

T-932-2 Same as panel T-932-1 except 38 IERC Shield T6-1025-3,
38 IERC Base T6-1001, and 38 sockets are furnished,
unmounted:

with 9-pin sockets 183.00
with 13-pin sockets 195.00

T-932-3 Same as panel 932-2, except that the sockets furnished 207.00
are combination sockets.

T-933-1 Panel, 45 socket holes, w/o sockets. Holes are 21.90
spaced to accept Cinch-Jones Base # 9SBI or EBY
Base # 9716-11 for Elco Shield # 195V. Panel is
3 1/2" X 19". Gray finish, Amateur notch.

T-933-2 Same as panel # T-9331-1 except 45 each of the following
are furnished unassembled: 9 or 13 pin sockets as
specified, Cinch-Jones Base # 9SB1 or EBY Base # 9716-11
as specified, and Elco Shield # 195V:

with 9-pin sockets * 63.00
with 13-pin sockets * 77.00
with combination sockets * 91.00

T-934 Panel, 70 socket holes on 1" centers, w/o sockets. 25.00 26.80
Panel is 5 1/4" X 19". Gray finish, Amateur notch.

T-935 Panel, 70 socket jzles, w/9-pin sockets. Otherwise 52.20 54.80
same as T-934. Q )

T-936 Panel, 70 socket holes, w/9-pin sockets and b on 88.65 91.50
wired for power. Otherwise same as T-934. T

T-961 Panel, 51 socket holes, w/13-Dn sockets, 3 1/2" X 19". 56.60 58.85
Gray finish, Amateur notch. 0J

T-962 Panel, same as T-961 excjpt sockets are buss wired 73.85 75.90
for power and ground.

T-963 Panel, 70 socket holes, w/13-P n sockets, 3 1/2" X 19" 69.20 71.80
Gray finish, Amateur notch.

T-964 Panel, same as T-963 exc pt sockets are buss wired 105.65 108.50
for power and ground. (

H-164-1 Universal Chassis w/60 socket holes, 20-terminal * 65.00
Jones strip, and 3 1/2" front panel.

H-164-2 Same as H-164-1 except 5 1/4" front panel. * 70.00

H-165-1 Universal Chassis w/32 socket holes, 20-terminal * 65.00
Jones strip, mounting holes for 2 ZA-721 Power
Supplies, and 3 1/2" panel.

H-165-2 Same as H-165-1 except 5 1/4" panel. Includes * 70.00
switch for power and 2 indicating-type fuseholders.

0



PRINTED CIRCUIT CARD HARDWARE
PART
NOS. DESCRIPTION @ ( PRICE

H-401-1 Card File for all connectors except Varicon types. Guides 32.60
installed for 27 connectors; drilled rails supplied for
connector mounting. (Modified Elco Varipak II, part number
9016-2-S) connectors not supplied.

H-401-2 Same as H-401-1 with 27 solder lug connectors, type H-404, 141.95
installed.

H-401-3 Same as H-401-1 with 27 taper tab connectors, type H-405, 141.95
installed.

H-401-4 Same as H-401-1 with 27 taper pin connectors, type H-406, 109.55

installed.

H-401-5 Same as H-401-1 except for use with Varicon connector only. 32.60

H-401-6 Same as H-401-1 with 27 solder lug/taper tab connectors, 220.25
type H-411, installed.

H-401-7 Same as H-401-1 with 27 wire-wrap (two wires) connectors, 220.25
type H-412, installed.

H-401-8 Same as H-401-1 with 27 wire-wrap (three wires) connectors, 220.25
type H-413, installed.

H-401-9 Same as H-401-1 with 27 taper pin connectors, type H-414, 267.50
installed.

H-402-1 Card File for all connectors except Varicon types. Guides 24.50
and connectors not installed. Rails supplied drilled for
all combinations of guide spacings. (Modified Elco Varipak
II, part number 9016-2-S).

H-402-2 Same as H-402-1 except for use with Varicon connectors only. 24.50

H-403 Guide sets for card file - 2 guides per set. (Elco part .30
number 9016.1201) per set

H-404 Solder lug connector, 22 contacts. (Elco part number 4.05
6oo7-22-5-M-5)

H-405 Taper tab connector, 22 contacts. (Elco part number 4.05
6oo7-22-5-M-4)

H-406 Taper pin connector, 22 contacts. (Kennedy part number 2.85
KI-1500-22)

H-407 Polarizing key, between contact type for H-404 and H-405 .05
connectors. (Elco part number 6002.3124)

H-408 Polarizing key, on contact type for H-404 and H-405 .05
connectors. (Elco part number 6007.3419)

H-409 Polarizing key, on contact type for H-406 connector. .10

H-410 Card extractor (Products for Industry PUL-E-ZE Mod. 11-1) 13.00

H-411 Solder/taper tab connector, Varicon type, 35 contacts. 3.90
(Elco part number 7008-35-5-2-1 NPGF)

H-412 Wire-wrap connector (two wires), Varicon type, 35 contacts. 3.90
(Elco part number 7008-35-5-2-5 NPGF)

H-413 Wire-wrap connector (three wires, Varicon type, 35 3.90
contacts. (Elco part number 700b-35-5-2-12 NPGF)

H-414 Taper pin connector, Varicon type, 34 contacts. 6.25
(Elco part number 7009-34-5-2-22 NPGF)

H-415 Polarizing key, between contact type for H-411, H-412, .05
H-413, and H-414 connectors. (Elco part number
5oo6.3414)

0



ORDERING INFORMATION
~FOOTNOTS

(D Prices in Western Europe are 5% higher plus

C.I.F. Port of Entry.
0 Description information listed does not neces-

sarily correspond to the actual marking on
parts because of limited space on the part.
When ordering, use the part number and a
brief parts description. For example, order as
"ZA-720 Power Supply," "T-166 One Shot" etc.

( All T-600 and T-800 Series modules are fur-
nished with the mating 13-pin connector (T-937)
free of charge. See listings for T-937 and T-909
if additional sockets and/or different mounting
style sockets are required.

(D May be supplied with other combinations of
sockets on special order, must be quoted by
factory.
Minimum order quantity 10.
Minimum order quantity 20.
Used with System Development Panels T-927.

TERMS AND CONDITIONS
Terms are net 30 days. Prices are FOB Santa Ana,
California. Prices and specifications are subject
to change without notice. EECo assumes no obli-
gation to incorporate production changes into pre-5viously delivered equipment.

WARRANTY
Engineered Electronics Company hereby warrants
standard catalog items of our manufacture to be
free from defects. If at any time a module fails in
normal service due to defective parts, workman-
ship or packaging, Engineered Electronics Com-
pany will repair or replace the module without
charge providing required parts are still available.
In addition, modules damaged by misuse, acci-
dent, neglect, or improper installation, will be
repaired at cost.

GOVERNMENT SOURCE INSPECTION
The following additional charges apply for
Government Source Inspection of finished items
(not components).

a. Charge for catalog units: $5.00 set up for
each circuit plus $.50 per item; not to exceed
$25.00 for any circuit.

b. Charge for power supplies: $15.00 set up
plus $5.00 per unit regardless of quantity.

SENGINEERED LECTRONICS Cenpfy
1441 EAST CHESTNUT AVENUE 0 SANTA ANA, CALIIPOENIA

: • • • ,,, i i l i & el I I I



EEC* SALES REPRESENTATIVES

MAINE, NEW HAMPSHIRE ALABAMA, MISSISSIPPI, COLORADO, UTAH, SOUTHERN
RHODE ISLAND, VERMONT, WESTERN TENNESSEE IDAHO
MASSACHUSETTS Col-ins-Co-Incorporated Western Engineering Company
White Sales Company 15-16 Hutchins Bldg. Suite 200
1211 Highland Avenue Huntsville, Alabama 1515 Cleveland Place
Needham 92, Massachusetts Telephone: 539-1771 Denver 2, Colorado
Telephone: 444-3676 Area Code: 205 Telephone: 266-2714
Area Code: 617 Area Code: 304

OHIO, MICHIGAN, WESTERN
PENNSYLVANIA

CONNECTICUT, WESTERN M. P. Odell Company
MASSACHUSETTS 26614 Center Ridge Road
White Sales Company Westlake, Ohio
P. 0. Box 122 Telephone: 871-8000
Berlin, Connecticut Area Code: 216 COMPANY OFFICES
Telephone: 224-0423
Area Code: 203 DAYTON AREA WASHINGTON, OREGON, MONTANA,

M. P. Odell Company NORTHERN IDAHO, SAN FRANCISCO,
2676 Salem Avenue NORTHERN CALIFORNIA, NORTHERN

WESTERN AREA UPPER Dayton 6, Ohio NEVADA
NEW YORK STATE Telephone: 277-4441 Engineered Electronics Company
R. P. Kennedy Company, Inc. Area Code: 216 10501 C South Saratoga-Sunnyvale Road
15 Warrington Drive Cupertino, California
Rochester 18, New York WESTERN PENNSYLVANIA Telephone: 253-5951
Telephone: 271-6322 M. P. Odell Company Area Code: 408
Area Code: 766 P. 0. Box 10595

Pittsburgh 35, Pa. SOUTHERN CALIFORNIA, SOUTHERN
EASTERN AREA UPPER Telephone: 371-1231 NEVADA
NEW YORK STATE Engineered Electronics Company

R. P. Kennedy Company, Inc. MICHIGAN 1441 East Chestnut Avenue
P. 0. Box 54 M. P. Odell Company Santa Ana, California
Fayetteville, New York 10531 West McNichols Road Telephone: 547-5651
Telephone: 637-9531 Detroit 21, Michigan Area Code: 714
Area Code: 716 Telephone: 962-1573 John White, Sr. App. Engr.

e CPreston Weber, Sr. App. Engr.
R. P. Kennedy Company, Inc. Area Code: 313 Buzz Jones, App. Engr.
92 Academy Street Walt Martin, App. Engr.
Poughkeepsie, New York ILLINOIS, INDIANA, WISCONSIN,
Telephone: 4714430 MISSOURI, NORTHERN KENTUCKY
Area Code: 914 R. Edward Stemm Incorporated WASHINGTON D.C., MARYLAND, VIRGINIA,

5681 West Lake Street WEST VIRGINIA, DELAWARE
Chicago 44, Illinois Engineered Electronics Company

NEW YORK CITY AND SUROUNDING Telephone: 379-2700 Suite 206
ROROUINS, NORTHERN NEW JERSEY Area Code: 312 1801 N. Moore Street

Kenneth E. Hughes Company Arlington 9, Virginia
4808 Bergenline Avenue MINNESOTA, IOWA Telephone: 525-0505
Union City, New Jersey R. Edward Stemm Incorporated Area Code: 703
Telephone: 867.3204 2713 Lyndale Avenue South
Area Code: 201 Minneapolis 8, Minnesota

Telephone: 822.8404 EASTERN REGION
Area Code: 612 Engineered Electronics Company

SOUTHERN NEW JERSEY, EASTERN P. 0. Box 335
PENNSYLVANIA TEXAS, OKLAHOMA, KANSAS, Ho-Ho-Kus, New Jersey
Kenneth E. Hughes Company ARKANSAS, LOUISIANA Telephone: 444-3220
134 Kings Highway East Robert R. Thomas Company Area Code: 201
Haddonfield, New Jersey Suite 106
Telephone: 428-2727 1066 West Mockingbird Lane
Area Code: 609 Dallas 7, Texas

Telephone: 631.5666
Area Code: 214

FLORIDA. GEORGIA EXPORT SALES REPRESENTATIVES
Col-Ins-Co-Incorporated ARIZONA
5728 Precision Drive Western Engineering Company DOMINION OF CANARA
Orlando, Floride 1644 West Hatcher Road Wilier Engineering & Sales Company
Telephone: 241.1501 P. 0. Box 9337 1800 Avenue Road
Area Code: 305 Phoenix 20, Arizona Toronto 12, Ontario, Canada

Telephone: 944-0431 Telephone: 783-3373
Area Code: 602 Area Code: 416

NORTH CARI SOUTN CAROLINA.
EASTERN TENINESSEE NEW MEXICO
Col-Ins-Co.Incorporated Western Engineering Company WESTERN EUROP, ISAEL
3925 Guinevere Lane 119 Richmond Drive SE Electronic Engineering/S.A.
Winston-Salem, North Carolina Albuquerque, New Mexico C. P. 142
Telephone: 722-7112 Telephone: 265-1020 Fribourg, Switzerland
Area Code: 919 Area Code: 505 Telephone: 2-03-55


